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RING 1, addition to all their other advantages, CHURCHILL Precision 
| Roll Grinders are easily operated. 
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MAN IS A 
TOOL- MAKING ANIMAL 


Such, according to Boswell, was Dr. Johnson’s view, and 
whatever reservations some may make on the subject of 
man’s origin, none will deny the part that his capacity 
to make and use tools has played in his progress. But 
whilst progress from flint tool to bronze and from bronze 
to iron and steel took thousands of years, the biggest step 
of ali—from hand-working to machine tool—has been 
taken during the past 150 years. Now, to-day, it is the 
machine rather than the man that clamours most loudly 
for tools, And it is Sandersons’ great experience of steel 
making and tool making, dating from the 18th century, 
that enables them to supply so well the varied and ex- 
acting needs of these mechanical servants of men—so 


ae ANGeIsOnNSs 4, 








SMALL TOOLS @ SAWS SANDERSON BROS, & NEWBOULD LTD. 
MACHINE KNIVES ATTERCLIFFE WORKS SHEFFIELD 


Telephone : Attercliffe 41201 (4 lines) Telegrams : Sanderson, Sheff 


TOOL STEELS © ‘ieneeb of Sh effield f 














CONTENTS 


Alloy Cast Iron Developments , on ee aa, ae 
** The Engineers’ Digest,” Vol. 6, No. 4, p. 95. 
Cast Alloy Alufont-3 a ee a ee a aR 
* The Engineers’ Digest,” Vol. 6, No. 4, p. 103. 
Computation of Forced Vibrations ‘ 
“ The Engineers’ Digest,” V Vol. 6, No. 4, p. 97. 


Economic Characteristics of the High Speed Diesel Engine 

“* The Engineers’ Digest,” Vol. 6, No. 4, p. 102. 
Rjector Test Station i e a be - + 
“* The Engineers’ Digest,” Vol. 6, No. 4, p. 108. 
Hard Cutting Tools and their Sharpening ‘ 

“© The Engineers’ Digest,” J Vol. 6, No. 4, p. 88. 
Precision Type Quadruple-Beam High Voltage Oscillograph .. 

“ The Engineers’ Digest,’ Vol. 6, No. 4, p. 110. 
Reinforced Cast Iron 


“* The Engineers’ Digest,” Vol. 6, No. 4, p. 91. 


Self-Regulating Constant Voltage Alternators oe a ae 
“* The Engineers’ Digest,’’ Vol. 6, No. 4, p. 99. 


Torsional Fatigue Testing Apparatus for Large Components .. 
“* The Engineers’ Digest,’ Vol. 6, No. 4, p. 85. 





PATENTS APPLIED FOR 


FOR THE WELDING OF:-— 


p Thin Gauge Mild Steel. 
Fm AMC Aluminium and its Alloys with A.C. 
Phlylrage Ferrous and Non-Ferrous Alloys by the 
y r Carbon Are eee 
f 
f write for particulars to :— 


ARC ar ed erica ee co. “LTD ee 


TELEPHONE ! SHE 115! TELEGRAMS » ACTIVARC, PHONE, LONDON, CABLES ¢ ACTIVARC, LONDON, 





THE ENGINEERS’ DIGEST 


¥ 


al essential 





PRODUCED ON THE 
ickman FIVE 


SPINDLE AUTOMATIC 


An achievement of the Wickman Five Spindle Auto- 
matic, among many others, is the production of inlet 
and exhaust valves from the forging to the finished 
article. After producing valves for two-and-a-half 
years it is still alone in the field, no other multi- 
spindle automatic having challenged its superiority. In 
the Rolls Royce Merlin Engine, recognised as the finest 
of its type in the world, some of the most vital com- 
ponents of its mechanism are the exhaust and inlet 
valves, the production of which is entrusted to the 


ee 


Wickman Five Spindle Automatic. We are the only 
firm in the country to produce these valves on multi- 
spindle automatics, and it is interesting to compare 
the performance and production of this modern machine 
tool against, for instance, that of the capstan lathes. 
The production of twelve Wickman Five Spindle 
Autos. is equal to that of eighty-four capstan lathes, 
Twelve operators and three setters are required to set 
and produce on the automatics an equal number of 
components as would be produced by eighty-four 
operators and fourteen setters on capstan lathes. Not 
only a considerable war-time achievement, but one 
which promises a great post-war future. 
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TORSIONAL FATIGUE TESTING APPARATUS FOR LARGE 
COMPONENTS. 
By E. Leur and A. Sxipa. (From MTZ, Vol. 5, Nos. 6/7, July, 1943, pp. 175-182). 


| To assess the actual service reliability that can be test pieces for investigating the torsional fatigue strength 
' expected from an engine component of given design, the of rigid shaft couplings are shown in Fig. 2. Although 
following two factors must be ascertained: (1) The couplings of this type are frequently used in practice, no 
| magnitude, and variation with time (periodicity) of the test data on their fatigue strength have hitherto been 
' forces, and moments to which the part is subjected available, as the stress distribution could not be de- 
' during operation; and (2) the fatigue strength of the termined. Two other typical test specimens used for 
art, that is, the range of the fluctuating forces and exploring the torsional fatigue strength of crank shafts 
' moments which the part is able to withstand through are shown in Fig. 3. 

any number of cycles when applying, in the testing The operating principle of the new fatigue testing 

machine stresses similar to those occurring in service. machine is outlined, diagrammatically, in Fig. 4. Here, 

The stress values, comprising the first of these two the test piece a is held at one end by the chuck attached 
items, can be estimated by means of dynamic strain to shaft 6, the torsional deflection of which is used to 
' measurements even under difficult conditions. Thus, measure the torque acting upon the test piece. The 
' for instance, it is now possible to determine the torque other end of the test piece is held in the chuck of the 

characteristics of crank shafts and cam shafts of marine oscillating shaft c, which is driven from crank e by 
diesel engines operating under routine conditions. Dy- means of the connecting rod d. The eccentricity of the 
namic strain measurements are also carried out on piston crank can be adjusted between zero and a given maxi- 
rodsandconnecting rods of diesel engines during operation. mum value. As the starting torque of the motor would 

Regarding the second item, it is important to note be insufficient to overcome the resisting torque of the 
| that fatigue tests conducted on models do not give a true test piece, the crank shaft is driven over a double 

picture of the fatigue strength of the full size component, reduction gear with two electro-magnetically operated 

since the size of the model has a considerable influence gear shifts, the gear ratios being 1:24 and 1:6. This 
' upon the fatigue strength. As an example it has been permits easy starting of the machine. Once the machine 

found that the fatigue strength of a full size crankshaft is in motion, the inertia of the rotor is enough to pro- 

is only half that as obtained with a model of 1/6 full vide the required fly-wheel effect, so that the motor can 
size. In view of this fact a large fatigue testing machine be coupled directly to the crankshaft by means of a 
' has recently been installed by a leading German diesel- clutch. 

engine manufacturer, which permits the application of 
| alternating torsional loads as large as +12,000 mkg. 
_ Inaddition, an initial static torque of the same amount 
' can be superimposed upon the alternating torque. 
_ The amplitude of the oscillation can be increased up to 

+6 degrees. 

The capacity of this machine will be seen by re- 
 ferring to Figs. 1-3, showing typically large test pieces. 
These test pieces can be tested in sizes up to 160 mm. 
_ shaft material of 80 kg. per sq. mm. u.t.s., while with a 

max. shaft diam. of 110 mm., pieces of highest tensile 
| strength, as for instance, of Cr-Va spring steel of an 
u.ts, of 150-160 kg. per sq. mm., can be tested. Typical 
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Fig. 3. Test pieces for 
strength of cranks. 



































Fig. 4. Principle of operation of torsional fatigue testing 
machine. 
Key: (a) Test specimen (b) measuring spring rod (c) oscillating 
Fi lever system (e) crank with adjustable throw (f) lever of measuring 
ig. 2. Test specimens for investigation of fatigue strength rod (g) screw spindle for adjusting ha gee ee static torsion (h) 
J 





of rigid couplings. counter-spring rod (i) screw spindle for adjusting counter-torque 


With integral flanges and with keyed flanges. (k) spindle drive. 
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By means of the lever 
and screw spindle device g 
an initial angular deflection 
can be given to the test speci- 
men, the initial torque being 
adjustable between zero and 
12,000 mkg. 

To avoid constant loading 
of the driving mechanism by 
the initial static torque, which 
would lead to unnecessary 
friction losses in the bearings, 
a counter-spring is provided 
in the form of rod h, which 
is attached to a lever and 
spindle adjusting mechanism, 
similar to that of the shaft b. 
Thus, by proper adjustment 
of spindle k, the rod can be 
angularly deflected by such 
an extent that its torque 
equals and, therefore, cancels 
out the initial static torque 
applied at the other end by 
the measuring shaft b. The 
length of this rod is so chosen 
that with a max. angular de- 
flection of + 6 deg., the tor- 
sional stress does not exceed 
+ 11 kg. persq. mm. Since 
the rod is made of a special 
steel with an u.t.s. of 130-150 
kg. per sq. mm. with a shot- 
blasted surface, its torsional 
fatigue strength is sufficiently 
high to avoid fatigue fracture. 
Furthermore, as the yield 
: point of this material is about 
es 55 kg. per sq. mm., the yield 
= point will not be exceeded 
even if the maximum initial 
torsional momentum of 12,000 
mkg. is applied, as this corres- 
ponds to a torsional stress of 
only 31 kg. per sq. mm. 

Actual construction details 
of the machine are shown in 
Figs. 5-7. The main oscil- 
lating lever (7) with the shaft 
(1) is carried in the bearings 
(2). The shaft is hollow over 
its entire length and carries 
the chuck at one end (3) grip- 
ping the end (5) of the test 
piece, and the end (6) of the 
rod h. The lever (7) is se- 
cured to the shaft (1) by 
means of a key (8), its free 
end containing the bearing 
(9) of the wrist-pin (10) of 
the forked connecting rod 
(11). The weight of the 
latter is kept small by making 
it of tubular construction. 
The crank pin (16) is integral 
with the crank flange (18) 
PAK, which is carried on the face 
Ree of the main driving flange 
ORS rLe? (19) with an eccentricity of 80 

mm. Since the crank throw 
is also 80 mm., any effective 
total crank throw between 0 
and 160 mm. can be obtained 
by turning the crank flange 
(18) relative to the face of the 
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Electro-magnetic clutch for starting gear. 


Rubber coupling. 
Driving shaft. 


Bearin, 
Fig. 6. 
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(28) 
(29) 
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ly to measuring head. 


Dial gauges fc 
measuring torques9 


g (9). 
Section B-B 


onnection. 


pipe (12). 
Needle bearing for supporting measuring spring rod. 


Dial gauges for measuring torque. 


Feelers for gauges. 
Feeler sphere attached to chuck (54). 


Gauge holder attached to tube (55a). 
Forked end of torsion lever. 
Link elements. 


Travelling nut. 


(66) Spindle. 
Gear pump for pressure oil supp 


Worm gear keyed to spindle (66). 
Counter-spring head. 


Worm. 


Automatic tripping switch. 


Pry pipe tor bearin 
Worm gear drive. 
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(70) Motor initial torsion adjusting device. 


(67) Slide surface. 
(71) Spur gear drive. 


(68) 
(69) 


Crank bearing of connecting rod. 
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main flange (19), the design principle being that of a 
double eccentric. Turning the crank flange (18) is 
effected by means of the worm gear drive (20) (21). 

The entire assembly is carefully balanced. The 
shaft of the main flange or runner (19) carries also the 
flywheel (22) and is supported in oil lubricated bearings 
(23) and (24). At the rear end of this shaft, the electro- 
magnetic clutches (25), (30), and (31) are arranged. 
These are of a special type without slip rings, the salient 
design details being shown in Fig. 7. The clutch (25) 
connects the driving shaft (29) with the runner (19), the 
shaft being carried in co-axial bearings (28) and con- 
nected to the shaft of the motor (26) by means of a 
resilient rubber-cushioned coupling (27). Only the 
clutch (25) is in use during regular operation, as the two 
other electro-magnetic clutches (30) and (31) merely 
serve in connection with the reduction gear used for 
starting the machine. Thus, clutch (30) couples the 
driving pinion (32) with the shaft (29), while the smaller 
clutch (31) acts to synchronise the speed of shaft (33) of 
the starting gear with that of the runner when shifting 
the gear from first to second speed, the other two 
clutches being inoperative at this moment. In this way 
the clutch (30) couples the gear Z9 (Fig. 6), which is 
engaging the gear Z5 to the runner. The slotted shaft 
(34) can slide in the bore of the shaft (33), adjustment 
being provided by means of spindle (35). Shaft (34) 
carries the pinion Z6 which engages with the gear Z7 
fixed to the flywheel (22) when in first gear; it also 
carries gear Z5!, which in second gear engages with 
gear Z8. Gear change is by means of handwheel (36) 
which also operates shaft (38) and actuates the electric 
switches of the electro-magnetic clutch in proper 
sequence. 

The motor is a shunt-type of 80 kw. rating which is 
started by a Leonard set. When the normal speed 
of 800 r.p.m. is reached, it can be switched over to 
mains supply. 

In order to permit variations of about 600 mm. in the 
length of the test specimen, sliding head (51) can be 
moved along its guides on the bed plate by means of the. 
spindle (52). At the front end, the measuring torsion 


spring rod carries the chuck (54) to receive one end of : 


the test piece. The measuring rod is carried in the 
tubular shaft (55) of lever (63); the shaft can rotate jp 
the bearings (56). Relative angular deflections at the 
ends of the measuring spring rod in the two extreme 
positions, providing a measure of the torque acting upon 
the test piece, are read off from the two dial gauges (59), 
These gauges are provided with feelers which are ad. 
justed by means of the feeler screws (60), until a contact 
between the feelers and ball (61) (connected with the 
chuck) is made as manifested by a slight flicker of the 
hands of the gauges. 


The required initial static torsional stress is obtained 
by rotating the forked lever (63) by means of a travelling 
nut, the spindle of which is driven by the motor of 3 
combined worm and spur gear reduction drive. Under 
maximum load conditions the measuring spring rod js 
subjected to a cyclically fluctuating torsional stress of 
11.5 kg. per sq. mm., which the rod is capable of carry- 
ing for an indefinite number of cycles. By super. 
imposing a static initial torsional stress of the same 
magnitude, the highest torsional stress will not exceed 
23.0 kg. per sq. mm. at any time. 

The counter-spring head (74) is identical with the 
measuring head, but in place of the measuring rod, 
the counter-spring rod (6) is fitted into the lever. The 
dial gauges and other parts of the device are omitted 
in the drawing. The torsional deflection of the rod is 
adjusted, as indicated, by a dial, the pointer being 
attached to the housing of the measuring head. 

The cast iron base plate of the machine is resiliently 
connected to the foundation by means of 48 helical 
springs, the natural frequency of the system in a vertical 
direction being approx. 80 cycles per minute. As the 
natural frequencies of the system in other planes are 
still less, practically no vibrations are transmitted to the 
foundations of the building. 

The machine is equipped with a special tripping 
device which opens the motor circuit when the test 
piece fractures. The number of cycles up to fracture 
can then be read off on a rev. counter. 


HARD CUTTING TOOLS AND THEIR SHARPENING. 
(From Le Génie Civil, No. 3104, Vol. 120, No. 5, March Ist, 1943). 






HIGH-SPEED tools were first made all in one piece. As 
the manufacture of special steels improved and their 
cost increased by the addition of rare elements, it was. 
found necessary to make up tools with a body of medium" 
quality steel, on which was brazed a tip of the high-'" 
quality steel, carefully prepared and adjusted on its ( 
supporting face. im 

For the preparation of these tips, alloys of increasing 
hardness and heat resistance have been used, especially 
the carbides of tungsten, titanium and tantalum, which 
required new processes, using temperatures of 1,300 
deg. C. to 3,400 deg. C. and pressures of 2,000 to 
10,000 kg./cm.? for their fusion. 

Chrome, carbon, molybdenum, nickel, vanadium, 
boron, and even particles of diamond, also enter into 
the making of the cutting tips now used. The choice 
and proportions of these numerous constituents varies 
according to the qualities of endurance, hardness, 
resistance or toughness of cut required. 

The preparation of these kinds of agglomerates, 
which are being constantly improved, involves succes- 
sive transformations beginning with the carbide powders 
and fusible metals. The mixtures are submitted to 
kneaders in special mills and to various treatments before 
compression in an hydraulic press. 

After a preliminary heat treatment, the sheets are 
cut into pieces corresponding in profiles and dimensions 


| 
1 


' to the forms of the required tools, the cutting being done 
' | by copper discs with diamonds set in their rims, and also 
by bandsaws and cutting wheels of silicon carbide. 

A final “ frittage ” is performed on the tips thus cut 
out in tubular electric furnaces, having an inert or 
reducing atmosphere, usually hydrogen, the tips being 
placed in graphite crucibles made to suit their shape. 

The structure, concentration, size and shape of the 
carbides making up these cutting alloys, are the object 
of meticulous investigations which have enabled the 
best composition for different working conditions to be 
determined. The hardness of the alloys increases with 
the fineness of the grains, which vary in size from 0.3 to 
7 microns. Grains of uniform or miscellaneous kinds 
and sizes are chosen according to the work the tool is 
required to perform. 

The properties now obtainable in cutting alloys, 
namely low thermal conductivity, degree of hardness 
approaching that of diamond (9.6 to 9.8 on the Mohs 
scale) even when the cutting edge is raised to a high 
temperature, extreme resistance to wear and crushing, 
ever-increasing toughness, ease of finishing, etc., have 
enabled cutting speeds to be improved to an extent 
unthought of several years ago. 

Thus, to remove an equal quantity of chips from a 
sample of rolled steel of 60 kg./mm.? tensile, the work- 
ing times with different tools are as follows :— 
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Tools of carbon steel .. ‘Shs ei .. 45 mins. 
5, tungsten high-speed steel .. Are |) eer 
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super-hard alloys of the metallic 
powder type ae ae es 
super-hard metals (recent laboratory 
tests) .. a es ee ie a 

Practical cutting speeds for different materials can 


” 


- reach the following values: ordinary cast iron, accord- 
| ing to its hardness, can be machined at speeds varying 
' from 150/200 m./min.; heat-treated chrome nickel steel 
' of 180 kg./mm.? tensile, can be roughed at a speed of 
- 30 m./min. and finished at a speed of 200 m./min. 
' electrolytic copper can be worked at a speed of 350 to 


450 m./min. ; ordinary bronze at a speed of 600 to 700 


m./min. ; aluminium and its alloys at speeds of 1,400 to 
1,800 m./min.; glass at 100 m./min.; porcelain at 
' 30 m./min.; hard granite at 10 m./min.; ebonite at 
| 400 m./min. ; electrode carbon at 100 m./min. 


Among the alloys used in the making of the cutting 


surfaces of tools, may be mentioned Widia, which 


has given remarkable results. Its properties are retained 
ata high temperature, thus enabling very high cutting 
speeds to be obtained. 

This alloy is produced in various grades, according to 
the use to be made of it, usually in the form of a tungsten- 
carbon-cobalt or of tungsten-titanium-cobalt. It 
enables practically all materials to be machined, also 


» such metals as 12 per cent manganese steel, silicon 
cast-iron, heat-treated chrome nickel steels, hard chilled 
castings, etc. 


Speaking generally, the new super-high-speed tools 


- can be used on standard modern machine tools, pro- 
_ viding that these machines are free from vibration and in 


perfect working order, preferably with an individual 


"electric motor drive. 


The best results are, however, obtained by means of 
improved machine tools, having a wide range of high 
speeds, great power, high accuracy, and perfect stability 
resisting all vibration. 

The reinforced beds of these machines have pris- 
matic, isosceles and unsymetrical guides ; they are made 
either of nickel chrome castings having a Brinell hard- 
ness of 200 to 250, or with chilled cast slides or, again the 
guides may be made of hardened nickel chrome steel, or 
in nitrided steel carefully adjusted. Those parts which 
may be subject to spray are of cast iron or stainless steel. 

_The gears and spindles are either of hardened 
nickel-chrome steel of 180 kg./mm.? tensile, or of 
nitrided steel, adjusted and balanced with care in all 
these component parts; they are all mounted in high 
precision bearings with adjustments for taking up all 
play, and with automatic lubrication. The speeds are 


» numerous, 16 to 24 and sometimes more, and with a 


range, according to the type of machine, from 5 to 
1,000 r.p.m. and even 16,000 to 20,000 r.p.m. on certain 
machines. 

Feeds enable cuts as fine as 0.01 mm. to be obtained 
on average machines which, in view of the “ Mirror 
polish ” produced by the tool, renders certain rectifica- 
tions unnecessary. 

In machines of recent construction the automatic 


mechanisms for releasing, working and controlling, as 





well as those for lubrication and cooling or safety, are 
carefully made to suit the high speeds and outputs ob- 
tainable. The mechanisms for measuring and safety, 
are either mechanical or electrical. Hydraulic trans- 
missions are used on the most important machines ; the 
Motions that they control are rapid and accurate, their 
Working is simple; they have great advantages in being 
able to govern, continuously or in steps, the speed of 
all movements, fast or slow. 


Grinders.—The above improvements in the 


machines, particularly in regard to the super-hard 
alloy tools, has necessitated the complete transformation 
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of the methods of sharpening. The advantages 
enumerated can be obtained only if the tools are main- 
tained in perfect setting, which is very difficult, owing to 
their extreme hardness. Special machines have been 
made for this purpose, and it is proposed to describe as 
an example the Potterat precision grinder and polisher 
which has solved some difficult problems. 

The fused mass of metallic powders of which these 
tools consist, has practically no coefficient of expansion 
and a very small thermal conductivity. The operations 
of roughing out, grinding and lapping must be carried 
out so as to prevent sudden local heating, which would 
cause microscopic cracks and the subsequent chipping 
of the cutting edge in the course of machining. ° 
grind the hardest tools, grinding wheels of which the 
abrasive is made up of diamond grains, are used. The 
work of grinding must make sure that the front clearance 
angles and back rake angles (Figs. 1-4) are as an- 
ticipated. If the angle is too great, chipping of the 
cutting edge takes place, and if too small it will dig in, 
causing vibration, chatter, and, sometimes, the breaking 
of the tool and work piece. Fig. 5 shows the successive 
stages in re-grinding the tool. 








Details of the working portion of a lathe-tool 
with inset tool-bit. 


B. Chip-breaking groove. 
Plan view of 45 deg. tool. @ Front clearance angle. 
cutting edge. Y Back rake angle. A Side angle of groove. 
angle. zr Angle of attack. 


Figs. 1 to 4. 


C. 45 deg. tool. D- 
B Angle of 
€ Point 


A. Straight tool. 











-s" 6104 dg 
Fig. 5. Details of the re-grinding of a tool bit. 


Two different cases for grinding and polishing tools 
can be distinguished : the preparation of the new tool, 
and the re-grinding during machining. In the first case 
the same operation can be carried out successively on a 
series of tools. In the second case, each face—or at 
least the principal faces—of each tool must be accurately 
re-ground and polished at the same time. 

The grinders are of different types for each case. 
For new tools, machines of high output are used, the 
tools being produced in batches: in the second case 
universal machines are used in roughing out, finishing 
and polishing the faces of the tool, as well as the 
“ chip-breaking groove’? on those tools destined for 
working on steel. 

These machines embody very accurate devices for 
adjustment, and sets of grinding wheels, some of which 
are very expensive. These grinding wheels are either of 
diamond grains (black grit) or of silicon carbide (green 
grit) or of less hard abrasives (white and red grits). 
Diamond wheels are either flat, 20 to 125 mm. diam., 
revolving at 4,250 to 15,000 r.p.m., or cupped wheels 
80 to 320 mm. diam, 
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Fig. 6. Schematic section of a universal Potterat tool- 
grinder with three wheels, two grinding positions and two 
directions of travel. 


A. Cylindrical wheel of silicon carbide for roughing the tool bits. 
B. Cupped wheel of diamond grains for finishing. C. Flat wheel for 
the chip-breaking groove. D. Motor driving the three wheels. 
E-E’. Universal removable tables, adjustable in all positions. G. 
Graduated pivot pin of one of the tables. H. Graduated guide 
sliding in slot in table. I. Universal graduated device for the 
Chip-breaking groove. J. Reservoirs for settling the soluble oil. 
L. Body of the centrifugal pump with automatic return valve. M. 
Motor driving the pump. N-N’ Vaseline oil reservoirs for lapping. 
O-O’. Taps and nn spouts for cooling oil. P. Felt disc for 
lapping with fine oil. Box for start, stop and reverse contact with 
fuse box. _R. Rotary three- pole switch for the pump. S-S’. Two- 
and three-pole circuit breakers for the lamps and pump. 


The machines are of _ three 
principal types :— 

(1) Universal or special machines to 
grind and lap simple lathe tools and 
those arranged to grind drills, 
cutters, etc. 

(2) Grinding machines for straight and 
helical drills. 

(3) Machines to grind, rectify and lap 
cutters, reamers, blades (possibly saw 
blades) and various surfaces. 

Fig. 6 shows the arrangement of a 
universal tool-grinder with three wheeis 
and two grinding positions, two direc- 
tions of travel for roughing, finishing 
and lapping all four faces of the hardest 
tools and the ‘‘ Chip-breaking groove’ 
for the machining of steel. This 
machine will also grind H.S.S. tools 
with the appropriate grinding wheels. 

The machine embodiesa cast pedestal, 
with reservoir forming a drip-tray with 
two compartments ¥ carrying all the 
electrical apparatus for operating, 
namely: a start brake and reverse contact 
box QO with fuse box operated from a 





- -button box (stop, start and A. Wheel. 
— e ” ( P> Dd. Universal support for tool faces. E. 


support with instantaneous micrometer. 


reverse), which can be seen in front 
of the machine, a three-pole rotary 





DIGEST 


















j 
| 
| 
| 
| 
| 








Fig. 7. Schematic section of the Potterat tool grinder with 
two wheels, two grinding positions and four universal tables, 
A. B. & D. Description exactly as for corresponding letters in Fig. 6, 
E-E’. Adjustable removable universal tables. F-F’. Graduated 
carriages supporting universal tables. H. and J. (as in Fig. 6). K. 
Combined universal graduated support for straight and cranked 
tools with instantaneous micrometer. L. M-M. O-O’. P. QR. 
S-S’ (as in Fig. 6). 

switch R for the pump, two two-and three-pole circuit 
breakers S and S’ for the lamps and pumps. The 
centrifugal pump L has an automatic return valve M. 

The head of the machine carries three grinding 
wheels : A silicon carbide, B diamond grit for roughing 
and finishing the faces of the tool, C for the “ chip- 
breaking groove.” ‘These wheels are driven by the 
squirrel-cage motor D. The universal tables E and F 
are removable and can be adjusted and oriented in all 
positions. They are fitted with graduated indexes. 


The pivot axis G is also graduated, as well as the guide 
H which slides in a longitudinal and transverse slot in 
the table. 


tend in another slot is the universal 


Fig. 8. View of the upper part of a Potterat machine with 


grind wheels. 
B. Taps and spouts. C-C’. Universal rotatable tables. 
Combined universal 
r F-F’. Graduated carriages. 
. Micrometer. 
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» graduated device I for the chip-breaking groove. 
- The reservoirs N and N’ contain vaseline oil for lapping; 
-Q and O’ are taps and spouts for the soluble oil. The 
felt disc P is for the purpose of polishing with fine oil. 
The machine includes a universal auxiliary support 
with a graduated guide and a 180 deg. universal square 
‘for the face of tools (not shown on the illustration) ; in 
| addition, it includes: graduated auxiliary guides with 
' and without shoulders; a combination universal 
| graduated device for straight and cranked tools; a 
rounding-off device ; a device for 180 deg. tool shanks, 
p etc. 
The operation of the machine for sharpening a tool 
of 32-24 mm., for example, is as follows :— 
The inclination of the left-hand table E is adjusted 
- to 10 deg., and that of the right-hand table E’ to 5 deg.,a 
» graduated guide of 128 mm. with 45 deg. shoulder ; the 
' tool is supported against the guide and brought up to the 
wheel A and the assembly passed slowly before the face 
' of the wheel. The assembly is then transferred to the 
right-hand table E’ and the same operation carried out 
with a light contact without coming away from the 
wheel either for finishing or lapping. With corre- 
sponding devices the same operations are repeated with 
diferent angles for each of the tool faces. For the 
chip-breaking groove the flat wheel C is used, and 
the device is adjusted to the required angles, the tool 
' being fixed in one of the 32 mm. horizontal tool-holders. 

The travel of the vertical carriage and the soluble oil 
tap is adjusted and the device J moved on the table 
' slowly towards the wheel, moving the triangular 
carriage vertically. The groove is finished in two or 
three passes. 

The universal tool-grinder lapper with two wheels 
and two sharpening positions (Figs. 7 and 8) has similar 
general arrangements. They embody four universal 
tables with two directions of travel; they can be used 
for roughing, finishing and lapping the hardest tools. 

For sharpening drills in high speed or super-hard 
steels the high precision device with differential shown 
in Fig.9 can be used. The drill with parallel or taper 
shank is put into the chuck C. The chuck and lips of 
the drill are adjusted and the supports fixed at angles at 
distances required. The device works by the vertical 
displacement of the main guide and a slow horizontal 
movement of the carriage before the grindwheel. 


By R. BERTSCHINGER. 
THE compressive strength of cast iron is greatly superior 
' to its tensile strength and may be five to six times as 
_ large as the latter. This fact represents one of the 
various considerations which have led to the suggestion 
to improve the mechanical properties of cast iron by 
providing castings with steel reinforcements. Other 
considerations are the improvement of the elasticity 
_ ofcast iron in order to obtain a product which combines 
' the favourable sliding friction properties of cast iron 
_ With a good degree of resiliency, or steel reinforcements 
| May serve to suppress dangerous stress concentrations 
in highly stressed castings. 





Fig. 1. Influencing stress 

distribution by removal of 

material (according to 
Wiegand, Lehr). 





DIGEST 91 























Fig. 9. Differential precision device for grinding drills. 
A-A’. Carriage with support on a graduated pivoting base for 180 
deg. to 60 deg. drills. -B’. Differential device with two rotating 
heads for obtaining the cutting edge and clearance on the drill. 
C-C’. Two-jaw chuck with removable chuck-body. D. Three-jaw 
self-centering chuck with axial pressure on the chuck-body. 

Micrometer adjusting screw. F-F’. 180 deg. divider for drills with 
two cutting edges. G. Position adjustment of taper shank drills. 
H. Crown of grindstone of diamond grit. I. Cylindrical grindstone 

of silicon carbide. 


The electrical and mechanical parts of these machines 
have been made for interchangeability, without prejudice 
to the very great accuracy necessary; thus, the ball- 
bearings have a play of only 5 microns, and the maxi- 
mum output is obtained from the diamond grinding 
wheels. 


Translation by courtesy of Diamond Research Department, 
32/34 Holborn Viaduct, London, E.C.1. 


REINFORCED CAST IRON. 
(From Schweizer Archiv, Vol. 10, No. 7, July, 1944, p. 195-203). 


No matter how well cast component parts, which 
are used to transmit mechanical energy, may be designed, 
a uniform stress distribution throughout the material 
cannot be achieved ; and, more often than not, local 
stress concentration will occur. Since fatigue failures 
are known to take their inception at points of local 
stress concentration, various measures are employed 
in order to combat this danger. Typica! measures 
available to the designer are the sparing of material at 
the endangered points (Fig. 1), or the guiding of the 
lines of stress, as shown in Fig. 2. 







\\ 














Fig. 2. Influencing stress distribution by guiding flux lines 
of stress. 
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a 4 L—k-O il 
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AMA TTT 
Og Se Sq 
APY 
‘ & 
fe Fig. 3a. Stress distribution in ordinary crank web. t as f 3 
Fig. 3b. Stress distribution in recessed crank web (accord- Deformation = 
tins, ing to Klose). f=reinforcement Fig. 
Fig. 3c. Stress Ca et ron crank web, re- Fototal/cross sectional/ares SD | 
reac 
Fig. 5. Mean stress Om in axially loaded cylindrical casting mer 
for different reinforcing coefficients k. cast 
The question arises as to what advantages accrue ofr 
a (aa ae from providing cast iron with a steel reinforcement, of 1 
E If a cylindrical casting, equipped with a centrally the 
4 -— arranged steel reinforcement is subjected to tensile take 
q ae (i stress, the cast iron body and its steel core will undergo 
y identical deformation. But according to Fig. 5, the tot 
resultant stress in the steel will be considerably higher ture 
(ium) a than that in the cast iron. Introducing the reinforcing of « 
coefficient k = f/F where F is the total cross sectional —  asy 
area of the casting and f is the cross sectional area of — onl 
A'B A B the steel reinforcement, the mean stress will be given — Ref 
Fig. 4A. Recessed crank web (according to Klose). by om = (l1—k). Gg +k.os where the respective 
Fig. 4B. Slotted crank web (according to Frémont). stresses in the cast iron and the steel (Fig. 6) are: 
Particularly interesting from the aspect of rein- E, P Es I 
forced construction is the design of cast crankshafts. og =———_- . — and os =—______- .-- 
Unless special measures are taken, the lines of stress (1—k)Eey+kEs F (1—k) Eg+kE; F 
in the crank web will tend to follow the lines of shortest Within the range of permissible elongation, the increase 
distance between crank pin and crankshaft journal, as in load that can be carried can be found from 
shown in Fig. 3a, and very little stress will prevail in — J ie: q 
the outward parts of the web. In the design suggested as (a ) k where P, is the tensile 
by Klose (Figs. 3b, 4a), a more uniform stress distri- Py, E, / 
bution is aimed at by removing material from the en- load carrying capacity of the reinforced casting and P, is 
dangered spots by milling, while Frémont_ proposed that of a corresponding casting without reinforcement. 
ubtianion of tics: sensi cues ie sngmnes? Retsing +0 the gah Sous is Fig. 7 whee 
of a cast iron crankshaft with steel-reinforced web is based on @ valuc of Be = 20,000 kg./mm', it will e © reit 
shown in Fig. 3c. the 
In 1936 it was discovered in Russia that a watch- sidi 
tower built in 1725 was equipped with a cast iron roof spo 
reinforced with cast-in steel rods*. This discovery in 
may have provided the stimulus for the application of reit 
this principle in recent years. According to Levanov 2 nev 
“* steel cast iron” designs are some 10 per cent lighter 
in weight than corresponding steel structures and 75-80 to lS ber 
per cent lighter than corresponding reinforced con- aes nev 
crete structures.t Levanov also claims the cost of 2 = 
reinforced cast iron structures to be 35-45 per cent ms 4 
less than that of steel structures and 50-75 per cent less 5 ! 
than that of reinforced concrete. . 
Reinforced cast iron die castings, such as valve parts, i j 
pump rotors, etc., have been successfully made by the Gq 
Wetherill Engineering Company, Philadelphia, it is 
reported. Cast iron brake blocks with several layers | £ 
of cast-in expanded metal have also been made in the pf 
U.S.A. ; while a German firm has been granted a p 
German design patent on a reinforced cast iron slag Gg= coe F 
ladlet. According to Levanov, the employment of f vali Loc 
reinforced cast iron telegraph poles has been considered p ke 
for the telegraph line Moscow-Rybinsk. ‘ 6, (DeocE. = 
epee = 2 EREOrK 
* Giesseret, Vol. 25, 1938, p. 379. @' - ? Fi 
+ Vestnik Metalloprom schlennosti, 1939, No. 12, p. 11. F 7 
t Giesserei, Vol. 30, 1943, p. 151. Fig. 6. Tensile stresses in reinforced cast iron. 
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Fig. 7. Increase in the strength of a cast iron tension rod of 

steel reinforcement. (Es; = 2 kg./mm2). 
readily understood that the incorporation of reinforce- 
ment can only be justified in the case of low strength 
cast iron. In order to safeguard satisfactory bonding 
of reinforcement and cast iron, the cross sectional area 
of the reinforcing steel should not exceed one-fifth of 
the entire cross-section, unless special measures are 
taken to ensure reliable bonding. 

A greater practical importance attaches, however, 
to the employment of reinforcement in cast iron struc- 
tures subjected to bending stresses. The deviation 
of cast iron from Hooke’s law finds its expression in an 
asymmetrical stress distribution, which, however, 
only becomes pronounced near the point of fracture. 
Referring to Fig. 8, it is seen that in cast iron without 


Fig. 8. Stress distribution 

in cast iron bar subjected 

to bending. (according to 
R6tscher) 


reinforcement, the neutral axis is displaced towards 
the sectional area in compression, that is, towards the 
side having the higher modulus of elasticity. Corre- 
spondingly, in cast iron embodying steel reinforcement 
in the area subjected to tensile stress, the presence of 
reinforcement will cause the displacement of the 
neutral axis again towards the area in tension. 

In the case of a rectangular beam subjected to 
bending by a centrally applied load, the location of the 
neutral fibre plane is given by 
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Fig. 9, Location of neutral fibre and stresses 6) and 62 in 
reinforced cast iron bar subj d to bending 
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Fig. 10. Computation of bending moment and deflection of 
cast iron bar reinforced within cross-sectional area subjected 
to tensile strength. 
E; — E, 
ee= — + - —— -— 2 k———. 4, where h 
2 2E,+£, 2 E, + E, 
is the height of the beam, E, is the modulus of elasticity 
of the fibres in tension, and E, that of the fibres in com- 
pression, while Es; is the modulus of elasticity of the 
steel reinforcement placed in the beam at the distance a 
from the neutral axis (Fig. 9). The first term of the 
right-hand side of this equation defines the location of 
the neutral axis according to Hooke’s law; while the 
second term indicates its displacement towards the side 
in compression (in the absence of reinforcement) and 
the third term gives the displacement in the opposite 
direction caused by the reinforcement. 
The stresses are found as : 


III. Deflection. 





Mp. e, 
Oo; = 
Es E, 
R+—.it+ —.-] 
1 E, 
EK. & Es a 
Eg Ss oe Gy C= es Gy 
E, ¢& E, ¢ 


Generally, the determination of the location of the 
neutral fibre, of the bending moment and of the resultant 
deflection, must be obtained by graphic solution (Fig. 
10). According to E. Meyer,* the location of the 
neutral axis is given by the expression 

2 € €1 


€ ef g 
Os 

fe oede~ {b od <+| | vo +S, Joes € fo. Ged 
Og 
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° €f Eg 
while the bending moment is found as 


+€1 
Pel 


2 (2) frente (@)'s 


Mp = — = 
—<€s 


where a =e, +¢€, and S = Fx.y 


The deflection is 





* Zeitschr. V.D.I., Vol. 52, 1908, p. 167. 
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When not provided with reinforcement, a bar of 
600 x 30 mm. with E; = 21,000, E, = 10,000, and 
E, = 9000 kg./mm? subjected to bending was found 
to support a load of 180 kg. with a deflection of 1.27 
mm. A similar bar incorporating 11 per cent rein- 

h 


forcement at — distance from the neutral fibre, was 


3 
able to carry a load of 220 kg. with the same deflection. 

There will be a discrepancy between theoretical 
and actual values for the load carrying ability of the 
reinforced structure because the ratio E,/E, changes 
with the loading and also because in the casting process 
the interaction between the liquid metal and the steel 
affects the structure of the casting on the one hand and 
the contraction of the steel on the other. 

The results of a number of tensile tests are charted 
in Fig. 11. It will be noted that the actual improve- 
ment in load carrying capacity due to the incorporation 
of reinforcement in most cases is greater than the 
theoretical predicted value. In nearly all cases, failure 
by fracture took place in the cast iron. In the process 
of fracture the load increased until a crack occurred 
in the cast iron. It then decreased temporarily and 
was built up to the value corresponding to the ultimate 
tensile strength of the reinforcement. 
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Fig. 11. Increase in tensile strength owing to the incorpora- 
tion of reinforcement. 





Fig. 13. Microstructure of cast iron reinforced with soft 
iron. 
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Fig. 12. Buckling strength of reinforced cast iron column as 
compared to cast iron column without reinforcement (accord- 
ing to Levanov). 

Very little is known with regard to buckling tests 
on reinforced cast iron columns. According to G. 
Bierett,* the buckling strength of columns increases 
with the quality of the cast iron for slenderness ratios 


a ee, 
1 


The introduction of reinforced columns made of a 
lower grade of cast iron would, therefore, consistute 
an advance in technique. The feasibility of the use 
of reinforced columns appears to be proven by Levanoy’s 
testt on reinforced pig iron columns, the results of 
which are charted in Fig. 12. According to this graph 
the reinforced columns possess superior buckling 
strength at slenderness ratios exceeding a value of A=50. 

To serve its purpose, the reinforcement must be 
firmly bonded with the cast iron in which it is embedded. 
All tests made so far have shown this to be the main 
difficulty in the production of reinforced cast iron 
structures. If soft iron reinforcement is used there 
will be danger of a strong carbon diffusion from the 
cast iron into the soft iron of lower carbon content. 
This diffusion may lead to the formation of a cementite 
network in the soft iron, hereby affecting the mechanical 
strength. By making the reinforcement of high silicon 
iron, the diffusion of carbon can be diminished, the 
same time stimulating the transformation of the diffusing 


* Arch. Eisenh. Wes., Vol. 10, 1936 37, Pp. 165. 
+ loc. cit. 


a 





Fig. 14. Microstructure of cast iron reinforced with silicon- 
steel. 
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carbon into temper carbon. According to Prof. E. 
Piwowarski,{ such a material should at least contain 
1.5 per cent silicon or, still better, 2-4 per cent silicon. 
The cementite networks produced in reinforcement of 
soft iron is clearly visible in the microphotograph 
(Fig. 13), while no cementite is evidenced by the micro- 
photograph (Fig. 14), which shows the microstructure 
of a silicon steel embedded in cast iron. Another 
(patented) proposal to improve the bonding of re- 
inforcement and cast iron is to coat the reinforcing 
material with silicon powder or with a ferrosilicon 
powder of high silicon percentage. The use of silicon 
steel reinforcement is also advantageous -from the 
aspect of strength. As it has been found that a high 
carbon percentage in the reinforcement is of advantage, 
it would appear that because of its high strength hot 
worked cast iron would serve to advantage as rein- 
forcing material. 


In the Soviet Union, the findings of Levanov were 





t Giesseret, Vol. 30, 1943, p. 151. 
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scrutinised by W. S. Turkin* upon the order of the 
government. While by no means condemning the new 
material, Turkin recommends proceeding with caution, 
as he finds himself unable to establish any advantage in 
favour of the new method with regard to saving in 
weight or reduction in cast as compared to ordinary 
steel construction. He recommends the use of steel re- 
inforcement in cases where — = 33. This is in agree- 
E, 

ment with the findings of the author. The latter 
believes that the employment of reinforced cast iron 
will be restricted to the field of machine construction, 
and will serve to combine improved stress distribution 
with utilisation of the inherent advantage of cast iron 
such as its resiliency, its high damping capacity, the 
facility with which it can be cast into the desired shape, 
and finally its suitability as bearing material. In cases 
like these the aspects of cost and weight would not be 
of primary importance. In any event the matter as 
such would appear to be worthy of further study. 


~* Mitt. Met. Ind., Oct. 10, 1940. 


ALLOY CAST IRON DEVELOPMENTS. 


By MARCEL GuEpDRAS, Consulting Engineer. 


Attoy Cast IRONS are those which contain certain 
metals, added to the ordinary white, gray or mottled 
pig-iron, to give the required special characteristics, e.g., 
high-mechanical resistance at either normal or high 
temperatures, resistance to corrosive liquids or gases, 
resistance to oxidisation, stability at high temperatures, 
special elongation or compression tests and other 
chemical or physical requirements. 

In the case of gray cast iron the metallurgist must pay 
constant attention to the texture of the graphite, which 
must be extremely refined, without any large flakes, as 
these lead to the breakdown of the cast iron, under any 
form of corrosive attack. It is therefore essential to 
know how the alloying elements are going to affect the 
graphite in alloy cast iron. 

In the case of cast iron, which is to be heat treated, 
the principles of graphitisation by heat treatment 
should not be forgotten as in the malleabilisation of 
white iron by quick annealing or the precipitation of 
iron carbide graphite (Fe,C). For this, it is necessary 
to regulate the temperature of graphitisation between 
1500 deg. C. and 850 deg. C. minimum, as no graphitisa- 
tion takes place below 850 deg. C. 

The effect of the alloy metals on this question of 
gtaphitisation must be borne in mind when consider- 
ing their effect on the required physical properties of the 
alloy cast iron. They act, indeed, as catalysers, either 
speeding up or retarding the formation of graphite, but 
their action is very varied. Further research is called 
for on their action in the formation of intermediate 
States, chiefly cementite. The alloy elements can be 
said to play the role of liaison breakers and, in practice, 
they accelerate the speed of reactions. Even if this 
speed is excessively slow, it is only in appearance that 
the metastable systems seem to remain unchanged, 
whereas they are really evolving very slowly towards 
their final state of stability. 


ALLOYING ELEMENTS AND THEIR EFFECT 
_ ON GRAPHITISATION. 

The principal elements used in Alloy Cast Iron 
are :—silicon, manganese, chrome, nickel, copper, 
thorium, molybdenum, vanadium, aluminium. These 
have all been used for a long time in making Alloy steels, 
but it is essential to study their action on the graphite 
content of cast iron. ‘ 

The metals act either on graphite or on the cementite 
forming complex carbides, or on the pearlite, i.e., the 
ferrite-cementite eutectic. 

Chrome reduces the graphitic carbon content and 


(From Meécanigue, No. 322, February, 1944, pp. 39-42). 


increases the combined carbon, which leads to an 
increase in hardness. The action of Chrome has 
been much debated as it was listed among the elements 
unfavourable to the formation of graphite, having, 
according to Piwowarsky, the property of stabilising 
the cementite, which could be counterbalanced by 
additions of silicon and nickel. In that case, chrome 
would have a favourable effect in so far as the texture 
of the graphite and of the pearlite matrix become more 
and more refined. 

Manganese must be considered in ratio with the 
sulphur content of the iron, being about 2 to 3 times the 
sulphur, but, above 0.50 per cent, it acts:definitely as a 
slower-up. 

Silicon is well known as a graphitiser. 

Nickel and aluminium reduce the cementite con- 
tent and precipitate carbon from the carbide in the 
graphitic state. They are graphitising elements, as also 
is copper. The same remark also applies to tin and 
lead, as shown in many tests. 

Nickel refines the pearlite, in proportion to the 
amount added to the iron, and martensite appears in 
certain cases, this being the constituent found in 
tempered steels, giving them their hardness. In certain 
proportions nickel gives the same result as rapid cooling 
from 850-900 deg. C. In casting in sand, the cooling is 
necessarily slow. If the nickel is increased, the iron is 
softened, taking on an austenitic appearance and, in 
certain cases, losing its magnetic properties but in- 
creasing its resistance to corrosion by acid solutions. 

Titanium gives a very fine structure of the graphite 
and its action should not be neglected. 

Vanadium, gives no improvement. 

Aluminium is an excellent graphitiser, as is also 
calcium, used in the form of calcium silicide. Re- 
markable results have been obtained from the use of the 
latter, not only as regards the state of the graphite, but 
also in the formation of pearlite when casting individual 
piston rings from the cupola. 

Thorium has a purifying action on gray iron, which 
is shown by an increase in the fluidity. Its effects in 
refining the graphite, in degassing and desulphurising 
make this an extremely interesting alloying metal. 


USE OF ALLOY CAST aes IN ENGINEER- 
IN 


The properties required from alloy cast irons are 
high resistance to (a) strains and stresses and shock ; 
(b) frictional wear ; (c) corrosion by chemical agents and 
high temperatures. 


(refractory cast iron). 
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(a) Cast irons to resist strains, stresses and shock. 

Marcel Ballay in his lecture of the 10th November, 
1942, to the French Automobile Engineers’ Society, 
gave an admirable account of this problem. He showed 
that an ordinary cast iron, composed of carbon, silicon 
and manganese, is considered to be an alloy cast iron, if 
the silicon exceeds 5 per cent and the manganese 1.5 per 
cent. It will be recalled that, for mechanical gray iron, 
the best results are obtained with low carbons and a 
percentage of silicon, just sufficient to give a gray 
texture without any excess of cementite. 

For special gray iron the maximum tensile strength 
is 50 kg./mm?. (32 tons per sq. in.). This is used for 
gear cases, flywheels, beds and frames of machine tools, 
gears, cams, etc. In America cast iron to the following 
analysis is being used for motor-car crankshafts :— 

*Ct. 2.4-2.8 per cent Si. 2.25-2.80 percent 

Mn. 0.80-1.20 per cent Ni. 1.0-1.2 per cent 

Mo. 1.0-1.2 Tensile 42-56 kh./mm?. (27 to 36 

tons per sq. in.). ; é 
This very hard iron is easy to machine, owing to the 
absence of cementite from its structure. 

Ford is casting crankshafts to the following analysis : 

Ct. 1.25-1.40 per cent Si. 1.90-2.00 per cent 

Mn. 0.50 per cent. 

This is not really a cast iron but, with its carbon 
content, is obviously a steel. _ 

P. Muguet, at the International Foundry Congress at 
Liege in 1937, speaking of crankshafts cast in a metal 
containing Cu, Si, Cr and a fairly low carbon, double 
annealed, showed that this was almost a cast iron owing 
to the presence of free carbon and cementite in a matrix 
of spheroidised pearlite. 

(b) Resistance to frictional wear. 

No special element is known which has a specific 
effect in promoting resistance to frictional wear. It is 
necessary to provide a hard surface to resist wear but with 
a core sufficiently supple to avoid premature fracture. 

Cast irons with very good resistance to wear are 
obtained by judicious additions of Cr., Mo., or Ni., but 
very special care must be given to the graphitic content, 
with an extremely fine and regular texture. 

For crushing machines, especially in the cement 
industry, there is a reduction in the use of cast steel, 
particularly high-manganese steel, in favour of alloy 
cast irons, which give excellent results, although further 
study is required to get the perfect metal. Methods of 
heat treatment applied to steel are now being successfully 
used with alloy cast irons, producing a martensite 
structure which gives them hardness. ; 

For the surface-hardening of cast iron the following 
methods are used :— ’ 

Local heating by immersion in lead baths, heated to 
850-900 deg. C. or by heating with an oxy-acetylene 
blow lamp the areas to be hardened. ; 

It must be remembered that all tempering produces 
internal stresses, which are much larger in cast iron than 
in steel and it is therefore essential to follow the temper- 
ing by a reheating. } 

Nitriding produces a very hard surface and to obtain 
this result the cast iron must have about 1.75 per cent Cr. 
and 1.75 per cent Al. ; ; 

Rolls in tempered cast iron are improved by adding 
Mo., which is now replacing Cr. or Ni-Cr., for this 
purpose. Molybdenum increases the depth of harden- 
ing from 45 mm. up to 50 mm. with 0.18 per cent Mo. 
and to 65 mm. with 0.30 Mo. Molybdenum also 
prevents cracking or scaling of rolls subjected to sudden 
changes of temperature. In the absence of Mo., rolls 
in tempered cast iron show a marked line of division 
between the white and the gray zone, owing to the 
different co-efficients of expansion of the two grades of 
cast iron, and this leads to very high internal stresses 
resulting in cracking or scaling. Mo. helps to remedy 
the trouble by making the transition from white to gray 


iron less abrupt. 
*Ct. = Total 


For cold rolls, Mo. improves the quality of the rolls 
in length of service as well as in texture. It must be 
remembered that 2.9 per cent is the top limit for Mo, 
in cast iron, if machining is necessary. For Pearlite 
cast iron the maximum Mo. is 1.5 per cent. The 
addition of Mo. to cast iron leads to the formation of a 
special constituent of very fine structure, which is being 
further investigated at present. 

(c) Resistance to high temperatures. 

Refractory cast irons were the first to attract the 
attention of metallurgists, chiefly for firebars and other 
parts subject to the action of fire. Trials were made 
with carbon cast irons to the following analyses :— 

Cc Ct Si. Mn. S iP. 
0.5 3.2 2-3.25 0.9 0.15 0.15 for thin bars 
32) 1-2 0.7 0.15 0.4-1.2 for large bars 
3.2 2.8-3.3 0.4 0.15 1.0-1.5 for furnace and 
heating elements, 

As the results were unsatisfactory trials were made 
with alloy cast irons with the addition of “ refractory ” 
metals, such as Cr. The following analyses have given 
good — except for al high temperatures :— 

t i. 


n. Ce, 
3.0-3.5 per cent 1.75-2.25  .50-.80 -85-.80 
2.8-3.2 per cent 1.2-1.4 .80-1.0 5-.8 


The second gives not only good resistance to heat, 
with a high mechanical resistance, but is also easy to 
machine. 

An austenitic cast iron with remarkable heat- 
resisting properties and fairly easy to machine has 
Ct 2.5-3.0 percent Si.1.5 percent Mn. 0.5 per cent 
Ni. 13.0 per cent Cr. 1.5-2.0 per cent Cu. 6.0 per 
cent. “Ni-Resist”’ cast iron gives good results, an analy- 
sis being Ct. 2.6-3.0 percent Si. 1.5 percent Man. 
1.0 per cent Ni. 14.0 per cent Cr. 1.2 per cent 
Cu. 7.0 per cent S. 0.1 per cent PP. 0.2 per cent. 
Copper can be replaced by increasing the nickel to 
20 per cent. An American cast iron, without alloying 
elements, gives good results :— 

Ct. 3.9-4.1 per cent Si. 0.8-1.0 per cent Mn. 
0.6-0.9 per cent S. as low as possible P. 0.15-0.2 
per cent. 

This composition is improved by adding Cr. and 
Mo. up to 0.50 per cent. max. for each metal. Cu. can 
also be added with advantage. 


RESISTANCE TO CHEMICAL AGENTS. 
The presence of graphite makes cast iron more 
vulnerable than steel to the attack of chemical agents 
and when resistance to high temperatures is also needed 
the choice of a special cast iron is still more difficult. 

The first cast irons made to resist acid attack were 
high-silicon cast irons of the “ Elianite” type. The 
chief difficulty was their high rate of shrinkage, but this 
trouble was avoided by the use of special sands. Cast 
iron with 14-16 per cent Si. gives excellent resistance to 
corrosion, especially against sulphuric acid. 49.3 per 
cent Cr. cast iron is less stable in the same conditions but 
resists sulphurous acid solutions where the high-Si. cast 
iron is not suitable. For soda, hypo-chlorites, lactic 
acid, both types of cast iron give good results. ; 

In the U.S.A. Vanick & Merica produced an austeni- 
tic cast iron with 14 per cent.Ni., 6 per cent Cu. and 
2 per cent Cr. for resistance to chemical agents, and 
Valenta produced a cast iron with a ferrite structure 
containing 30 per cent Cr. and 1 per cent C., although 
this is really a steel. 

To resist acids and alkalis it is necessary to turn to 
austenitic cast irons, with Ni., Cr. and Cu. as alloy- 
ing elements. Up to 900-850°C. these cast irons 
oxidise 10 to 12 times less than ordinary cast iron, and 
they are more stable at heat, particularly if the Cr. 
content exceeds 2 per cent. 

Copper plays a big role in alloy cast irons for the 
chemical industry and it is used successfully in the 
composition of certain moulds to resist the action of 
saline vapour. 


Cc. = Combined.—Editor. 
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MANUFACTURE OF ALLOY CAST IRONS. 

The electric furnace provides for the only method 
of melting to give cast irons of high quality, as it is 
essential to keep the sulphur content as low as possible. 
It should not be forgotten that the state of the graphite is 
one of the principal factors in this branch of manu- 
facture. Even if certain alloying elements have a 
definitely graphitising action, this is not sufficient to 
ensure the extremely fine distribution of the graphite 
which is essential in special cast irons. Temperature 
plays an important part in this respect and the super- 
heating obtainable with an electric furnace allows of 
perfect castings being obtained. It leads to coagulation 
and removal of close knit particles of silicate which 
normally act as crystallising nuclei for the graphite. 


Considerations must also be given to the graphite 
which has dissolved under heat and will not re-precipi- 
tate in the same form. This is one of the major reasons 
for making cast iron piston rings in the electric furnace ; 
where the temperature is always under control, as is not 
the case with the cupola. 


Cast iron made in the electric furnace can be com- 
pletely free from oxides, which is important for resist- 
ance to high temperatures and to chemical agents. 


From the economic point of view it may be essential 
that the electric arc furnace alllows in many cases the 
ores of such metals as Cr., Mo. and Ti. being used 
instead of the pure metals, as the oxides will be directly 
reduced in the metallic bath. 


COMPUTATION OF FORCED VIBRATIONS. 
By ProFessor A. R. HOLM. (From Ingenioren, No. 80, December 2nd, 1944, p. 113). 


SEVERAL methods exist for the computation of forced 
vibrations with damping. Thus it was shown by 
H. Hecht! that the equations for the vibratory motion 
can be solved direct, although in a rather cumbersome 
manner; while W. Hort? has shown that the vector 
method can be used. A special application of the latter 
method is given below. 

Fig. 1 represents a vibratory system having the 
masses m, the springs c, and the damping devices p. 
This system is assumed to undergo vertical vibrations 
under the influence of a periodically oscillating force P 
(Fig. 2), this force being expressed by P cos wt, where t 
is the time and w is the frequency of oscillation. The 
damping effect is assumed to be in proportion with the 
speed, the proportionality factor being p. 

Assuming cosine-vibrations, it will be 

x= Acos(wt— a); y= Bcos(wt—f) .. (1) 
where x and y are the amplitudes for m, and m,, while w 
is the frequency. Furthermore, A, B, « and f are 


constants the values of which are to be determined. 
The equations for the vibratory motion are 


d’x dx ) 
m— + py — + CX + Cy (K—y) = P cos at 
dt? dt 
+ (2) 
dy* dy 
M,—— + pe — + Cy + Co (y—x) = 0 
dt? dt 


By differentiating equation (1) and introducing it into 
equation (2) we obtain 


—mA w? cos (wt — %) —p Aw sin (wt — a) + 
GA cos (wt — %) + Cy A cos (wt — %) —cyB 
cos (wt — 8) = P cos wt 

—m,B w? cos (wt — 8) — po Bw sin (wt — f) 
+ CB cos (wt — 8B) + Co B cos (wt — 8) —cy A 
cos (wt — x) = 0 


r (3) 





f 





Fig. 1, Fig. 3. 


These equations are valid for all values of wt including 
wt=27. It will therefore be cos (wt — «%) = cos 
(27 — %) = cosa; sin(#at—a)=sin (27 — «@) 
=—sin a. Hence 

—m,A w* cos % + p, Awsin « +c¢,A cos % + 
CoA cos & — CoB cos B = P 


—m, B w* cos 8 + p.» fw sin 8B + cB cos B + 
Cy Bcos B—c,Acosa=0 


(4) 


By dividing by A and B respectively and introducing 
B 
p= i K, = c, + Co — m, w” etc., these equations 
can be written 
P 
K, cos « + K, sin a — DK, cos8 = — 
A 
(5) 
: Q 
Q, cos 8 + Q, sin 8 = — COS & 


The following graphical method can now be em- 
ployed for the determination of A, B, ~, and 8B. Make 
Q, and Q, the sides enclosing the right angle of a right- 
angled triangle as shown in Fig. 3, and draw an arbitrary 
straight line through the left-hand corner as indicated. 
By denoting the base of the triangle ‘ H ’ and projecting 
the three sides of the triangle upon the straight line, it 
will be 

Q, cos 8 — Q, sin 8B = H cos « ae (6) 
which is an equation similar to equations (5). We can 


therefore make H = = which serves for the deter- 


mination of D. It remains to ascertain the direction in 
which the aforementioned straight line must be drawn 
in order to obtain the required phase angles. Re- 
ferring to Fig. 3, it is seen that the difference between 
the angles « and f will always be given by 


Q 
tan (8B — a)= — = es (7) 
It is further : 
D V/ Q? + Q;? > 
B Q,; 
and D = Ci so. ee 
AJ VQ?+Q, 


It is now possible to draw Fig. 4 where K,, K,, and 
(DK,) are made to represent three sides of a polygon, 
while the fourth side is the ‘ closing line.’ 
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DK; 
K =e 
K, od pe Ts 
Fig. 4. Fig. 5. 
It can be proven that the length of the closing line 


P 
equals — and that its angles with the adjoining sides are 
A 


the phase angles ~ and £ respectively. Referring to 
Fig. 5 it is seen that by projecting the other three sides 
upon the closing line it becomes 
P 
K, cos x + K, sin g —(DK,) cos 8 = — 


Since P is a given quantity and — can be measured, A 
A 


is also known, and B can then be found from equation 
(9). Finally, the phase angles « and 8 can be measured 
direct inthe graph. The problem is therefore solved, as 
the magnitude of the amplitude can be found from 
equation (1) by introducing the numerical values found 
for A, B, « and B 


tht tht th tith tt tit hte 














Fig. 6. Fig. 7. 


A very similar system, which, however, includes a 
damping device, as shown in Fig. 6, may now be 
considered. In this case equation (5) must be written 


K, cos « + K, sin « — DK; cos 8B — DK, ) 
a: 


sin B = — 


A (10 
: (=) (=) ; 
Q, cos 8 + Q, sin B — }cosa + { — Jsing 
D D y 


where K, ; Q,, Q., and D retain their original 
meaning, whi i K » and Q, have a somewhat different 
meaning, and K, and Q, are new factors. As wil! be 
seen from Fig. 7, two right-angled triangles can be 
drawn, their bases being H and DJ. It follows that 
H cos é = Q, cos 8 + Q, sin B 
DJ cos é = = Q, cos 2 + Q, sin « ee 0) 
From equation (10) it is seen that H cos ¢é = J cos 
é: H = J, and (DJ)? = (Q;? + Q,”), so that 
VQI+Q VQI+Q 
D ay aie “CGQN2) 
H VQE+Q 
D can therefore be determined as the ratio of the two 
bases DJ and H. Finally, the phase angle differences 
(8 — «) can be found from Fig. 7 as 8B — a = (B — é) — 
(a — €), where the angles (8 — €) and (~ — €) can be 
measured, 








By comparing equation (10) with equation (5) it is 
found that Fig. 4 can now be replaced by Fig. 8. and 


Pp 
Fig. (5) by Fig. (9), the latter yielding — and therewith 
A 


A as well as the other unknown factors. 








DK; 
DK, 
Ore 
me 
of] fs 
K, \pr a 
Fig. 8. Fig. 9. 


This method can be used for the computation of 
dampers for engines and other machines. A _ few 
typical examples are shown in Figs. 10-13. Here Fig, 
10 shows the common hydraulic damper type; Fig. 11 
is a damping device consisting of a combination of 
spring and dashpot ; Fig. 12 shows a dynamic vibration 
absorber without damping ; and Fig. 13 is a pendulum- 
type damper. 

The hydraulic damper (Fig. 10) is frequently em- 
ployed for eliminating the vibrations of internal com- 
bustion engines. In this application the hydraulic 
connection between the mass M of the crankshaft and 
the mass m of the damper is usually realised by the flow 
of oil through small passages, hereby producing the 
required friction. 


The Anti-vibrator outlined in Fig. 12 can be used to 
suppress vibration in a machine, as this device counter- 
acts the tendency of the mass M to oscillate with the 


\ k 
frequency f —. This type of anti-vibration device 
m 


Fig. 10. Fig. 11. 
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Fig. 12. Fig. 13. 
Pendulum-type damper. 
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can, for instance, be used in electric hair-clipping 
machines, as shown in Fig. 14. It is also applied to 
the bearings of large turbo-alternators and other 
machines operating at constant speed. 

If some kind of provision is made to vary the stiffness 
of the spring (k) in Fig. 12, the device can be used to 
counteract vibrations of M at different speeds. 

In the case of an internal combustion engine the 
turning effort curve can be expressed by a trigono- 
metrical series in which the frequency of sine terms is 
proportional with the angular velocity of the machine. 
In this case the frequency of m is to be equal to that of 
the sine terms under all conditions. This means that 
the spring constant (k) must vary with the square of the 
angular velocity. This led E. S. Taylor to suggest that 
the spring force should be replaced by the centrifugal 
force exerted by a pendular mass connected to the crank 
as indicated in Fig. 13. It is easy to prove that this 
pendulum acts as a spring, the constant of which will 














Fig. 14 Electric hair clipper. Fig. 15. 





vary with the square of the rotational speed wm of the 
crankshaft. 

Referring to Fig. 15 it is seen that the freely sus- 
pended pendulum will swing with the frequency 


i 
A when the disc is not rotated. But if the disc is 
1 # 


rotated the acceleration will be (R + L) wm” and the 
frequency will change accordingly. 

The method for the computation of forced vibration 
outlined above can also be used for determining the 
vibration characteristics of a motor placed upon an 
elastic support which in itself is capable of oscillations 
(Fig. 16). This system can be considered as a special 
case of the general case outlined in Fig. 1. 





1 El. Nachr. Techn., 1926, H. 4; 1932, H. 43; see also 
S. Timoshenko, Vibration Problems in Engineering, 1937, 
p. 245. 2 W. Hort, Techn. Schwingungslehre, 1922, p. 648. 

















Fig. 16. 


SELF-REGULATING CONSTANT VOLTAGE ALTERNATORS. 
By K. Tarver, V.D.E. (From Elektrotechnische Zeitschrift, April 20, 1944, Nos. 15/16). 


SuMMARY : Regulator-free alternators for emergency 
and mobile units were developed; their voltage is 
practically constant for all loads and power factors, and 
they are suitable for light and power current supply. 
This article deals with the theory, construction and 
operational characteristics of these alternators.— 


For emergency and mobile units the usual type of 
voltage-regulators has many disadvantages. Voltage 
fluctuations are often irregular between an upper and 
lower limit. Contact breaking causes radio interference, 
limited life of contacts, and their sensitivity to air pres- 
sure waves causes, in certain cases, frequent distur- 
bances; the use of elaborate field-windings on the 
exciter is necessary. 


The idea to build compound self-regulating genera- 
tors is an old one ; many were built before dependable 
high speed voltage regulators were invented, but this 
idea was soon abandoned after suitable voltage regu- 
lators were available. The trend of evolution was 
towards big units, arranged for parallel operation on 
a network. For these the voltage regulator is suitable 
and the above mentioned disadvantages are of little 
consequence. 


For independent units of 7.5 to 30 kVA, however, 
the use of a compound generator is very satisfactory. 
In the systems which were developed earlier, the load- 
current and power factor of the alternator were used to 
influence the magnetic field of the exciter ; this was 
done in many ways. One of the methods was to pass 
the load current through a current transformer and to 
use rectified voltage from the secondary to influence 
the magnetic field of the exciter. The terminal voltage 
can be rectified and used to feed the alternator field- 


windings ; in this case no exciter is required but the 
field-winding must be supplied by an external source 
when starting. However, because of the additional 
equipment necessary the use of a separate exciter is 
usually preferred. 


Another system was first introduced by Danielson. 
Alternative current is fed through a separate 3-phase 
winding of the exciter armature and increased load 
current increases the exciter field. Alternators of this 
type were built up to units of great power output 
but their voltage constancy was poor and the exciter 
size had to be increased. The building of alternators 
of this type was, therefore, discontinued. 


To achieve a constant voltage on the alternator 
terminals, the exciting current has to be composed of 
a constant component proportional to the no-load 
voltage, and a variable component proportional to the 
load current and the reactive current. The difficulty 
is that instability occurs if the no-load voltage point is 
below the saturation point of the characteristic, and the 
influence of the 3-phase winding is nonlinear and small 
if the chosen operating point is above saturation. 
This difficulty could be overcome by feeding the exciter 
field-winding from an external source; this, however, 
does not solve the problem, but merely transfers it. 

To avoid an external source, the following opposing 
conditions have to be fulfilled. 

1. The no-load voltage point must be above the 
saturation point of the characteristic. 

2. The field produced by the 3-phase winding 
must be proportional to the load curtent. 

However, a compromise can be achieved by using 
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Fig. 1. Diagram of a self-regulating alternator. RK charac- 
teristic variable res. S. Nominal value adj. res. 
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Fig. 2. Function of self-regulator alternator ¢ no-load field. 
ga, dr field produced by active and reactive load current. 
dt total field for active load current. 


go no load field. 
da exe. field produced by active load current | a 
or exe: field produced by reactive load current dynamo 


darm armature cross field 


two separate magnetic circuits, as shown. 

Connection diagram and functioning of external 
pole type self-regulating generators. 

Fig. 1 shows the connection diagram and Fig. 2 
the functioning. 

Self-regulating alternators with rotating poles can 
also be built, but two additional sliprings are necessary. 

An active load current produces a field ¢, in the al- 
ternator and ¢aecxe. at an angle « from the neutral 
zone, in the exciting dynamo (Fig. 2). The constant 
dynamo field ¢, is increased by daexc. . Sin m. Reactive 
load produces ¢r in the alternator and ¢rexe. in the 
exciting dynamo; ¢rexc. is in the same direction as ¢,. 
For any load-current, ¢, is increased by ¢x . sin (a+ 9), 
¢éx being the field produced by the load-current. 
The total field of the exciting dynamo is ¢o + dx . sin 
(a +y)=¢0 + on . sin ¥, where « + y = ¥ = internal 
phase angle of the alternator. This field reasonably 
satisfies the conditions necessary to maintain a constant 
voltage on the alternator terminals, especially when the 
armature cross-reactance is small. For this reason 
the short circuit relation is preferably made 


I short circuit 


k = 





= 0.8 to 1.0, which is normal for 
I normal 
alternators of the size considered. The influence of the 
armature cross voltage can be reduced still further as 
shown later. 
In order to fulfil the two opposing conditions men- 
tioned above, the exciter has two different magnetic 





























Fig. 3. Construction of the exciting dynamo. 
go no load field 
ox field in ring produced by load current. 


circuits (Fig. 3). One field, 40, designed to produce 
the no-load voltage, is highly saturated ; the other, ¢,, 
proportional to the load current, is below the saturation 
point. ¢ is produced by the field-winding on poles 
of reduced cross section, fed by the dynamo terminals, 
¢x, produced by the 3-phase winding in the arma- 
ture, develops in a slotless ring R. The ring does not 
need any winding and can rotate with the armature, 
but, in that case, has to be built up of laminations of 
sheet steel. The rotating ring eliminates field-voltage 
deviations caused by remanent magnetism and hysteresis 
especially after a short circuit. Commutation diffi- 
culties on small output exciters need not be feared. 
The field produced by the load-current improves 
commutation (Fig. 2) as it is in opposite direction to 
the armature cross-field ¢arm. Reactive load has no im- 
proving effect on commutation. In exciters of bigger 
size, the ring R, preferably laminated, is stationary 
and fitted with commutation slots in the neutral zones. 
The influence of the remanent magnetism in the ring 
on dynamo voltage is, however, not eliminated. 
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Fig. 4. Characteristics of the exciting dynamo. 
Eg no load characteristic of the pol system. 
Io Ii Voltage characteristic for constant current values. 
Ex Voltage characteristic of the ring. 
AW >Ampere turns of the field-winding for Up 
AWs Ampere turns of the field for Us (Ue). 
AW x sin W active Ampere turns of the armature 3-phase 
winding. 
U; Voltage component produced by the field-ring. 
Up UeTerminal voltages, 
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The behaviour of such an exciting dynamo is shown 
in Fig. 4. Above the zero voltage line, the EMF 
E, and the lines of constant current I, and I,, pro- 
duced by ¢v, are represented as functions of the am- 
pereturns AW, of the field-winding. Below the zero 
voltage line, the EMF Ex, produced by ¢x, is repre- 
sented as a function of AW, sin ¥Y. The shunt- 
resistance-line is: V = Irieia. Reiera. In no-load 
condition AWx = 0, the dynamofield produces the 
voltage Vo (Point A) and the current I, flows through 
the armature. If load is switched on, AW x sin ¥ 
causes a voltage increase by V,. As AWx sin ¥ has an in- 
fluence on $0 (Fig. 3), the shunt resistance line passes 
through K. The dynamo terminal voltage increases to Vg 
andthe current flowing in the armature-winding is I,. As 
the saturation is very high thecharacteristic between Aand 
Cis practically a straight line, and the alternator-voltage 
remains practically constant, if the adjusting resistance 
R (Fig. 1) is correctly adjusted. 

The influence of ¢. on the total field can be more or 
less suppressed by adjusting of R (Fig. 1); it is thus 
possible to produce a raising or falling current-voltage 
characteristic. Separation of the two magnetic circuits 
provides a sufficient margin to the designer, and it is 
not necessary to use the adjusting resistance R to get 
a desired characteristic. 

The magnetic resistance of the ring can be made 
very small, thus reducing the 3-phase winding in 
the armature to a minimum and hardly increasing the 
armature size. An example where an exciter of the 
new type was built into the space designed for a standard 
type is shown in Fig. 5. 





Fig. 5. Comparison of a standard machine with a self 
regulating dynamo. 

When load is applied the exciter instantly supplies 
the correct field current, because the two magnetic 
Circuits, > and 4x sin Y, are not coupled and the field 
in the ring occurs instantly. A high speed regulation 
isthus achieved. The leakage increase of the armature 
by the 3-phase winding (20 to 30 per cent) has an 
opposite effect, which is, however, insignificant. Test 
results have shown that regulation speed is at least as 
high as in cases where a standard voltage regulator is 
used. If the characteristic given in Fig. 4 is chosen the 
influence of the speed attains a minimum. A speed 
variation of p per cent causes a voltage variation of 
2p per cent. The resistance increase of the field- 
winding I-K (Fig. 1) is compensated for by the variable 
resistance S. Resistance R is eliminated altogether. 

The no-load voltage characteristic can be made 
steeper, but the influence of the speed on terminal voltage 
will then increase and the re- 
gulating speed will decrease ; the 
Tesistance increase of the alter- 
nator field-winding can, in this 
case, be compensated for by the 
variable res, R (Fig. 1) which is 
designed to carry the small current 
of the exciter field-winding only. 

Another type of self- 
regulating alternator can be sills 
designed by using isthmus 
Poles, instead of using a 
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separate ring in the exciter. The initial part of 
the characteristicis strongly curvedand after thatit becomes 
almost linear. Some stability of the no-load characteristic 
is achieved, and at the same time sufficient reserve is 
available for the additional magnetizing power of the 
3-phase winding. The disadvantages of the isthmus pole 
typeexciterare: The Ampereturns of the 3-phase winding 
of the armature has to be considerably increased, which 
makes an increase in the armature size necessary; also the 
coupling between the field-winding and the 3—-phase 
winding slows down the regulating speed. For these 
reasons the ring-arrangement is generally preferred. 

Test results of self-regulating alternators with ring- 
type exciting dynamos are given in Fig. 6 and Fig. 7. 
Spreading of the curves is due to armature cross-voltage, 
which increases with increasing short circuit relation 
k=Is.c./Inormaiandincreasing « (Fig.2). The effectof the 
armature cross-voltage can be further reduced by a slight 
displacement of the dynamo brushes in sense of rotation. 

Fig. 6 shows the characteristics of a 3-phase alter- 
nator 380V, 23A, 1500 r.p.m. and k = 0.67; the 
brushes are in the neutral zone. 

Fig. 7 shows the same alternator, but the brushes are 
displaced by six degrees. Voltage variations are withi 
+ 5 per cent of the nominal voltage. Better results 
are obtained by increasing k to 0.8 — 1.0. Fig. 8 shows 
that for k = 1 and constant speed, voltage variations 
are within + 2 per cent of the nominal value. 


Vv bh iri 
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Voltage 
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Lead current 
Fig. 6. Characteristic of a 3-phase alternator for constant 
voltage 380V 23A 1500 r.p.m. Short circuit relation k = 
0,67 brushes in neutral zone. 
constant speed—upper graph. 3 per cent speed drop—lower graph 
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Fig. 8. Voltage characteristic of 2 self-regulating 3-phase alternator. 
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ECONOMIC CHARACTERISTICS OF THE HIGH SPEED DIESEL 
ENGINE 
(From PRoFEssor T. M. MELKUMOv’s Book, Theory of the’ High-Speed Diesel, Moscow, 1944, pp. 332-340 and 347-352, 
(Continued from March Issue.) 


The quantity of gases discharged in the scavenging 
process from the cylinder to the exhaust pipe can be 
found as follows : 

m 
I¢is Gr = 


Vm 


— yocr G’k + (9x — 1) Gk = 


Vin 
= + (9% —1— yocr) G’x (51) 
Vm 
Vm . . . . . 
where is the weight of the waste gases remaining in 
Vm 
the cylinder from the end of the first phase until the 
RTn 
commencement of scavenging, vm = is the specific 
Pm 
volume of the waste gases at the commencement of 
scavenging, yorc is the residue coefficient, and 
mv Vn : eee 
GG; = is the amount of air remaining in the 
Vk 
cylinder. As pm; pn, and Tp are known, the tempera- 
ture Tm can be determined by means of the equation 


Pm \™—! 
Tm = To ) m oe oe (52) 


Pb 
Consequently the weight of gas Gy passing through 
the exhaust organ can be ascertained from equation (50). 
The mean specific volume vz of the gases contained in 
the cylinder at the time of scavenging can be readily 
RT, 
derived from the temperature T, since vz, = : 
Pz 
The temperature T, will depend upon the type of 
scavenging employed. Orlin has shown that in the case 
of straight through scavenging the temperature T, can 
be obtained from 


\e 
T. = Top =) m where m = 1.3. 
Pb 


COMPARISON OF TWO-STROKE AND 
FOUR-STROKE CYCLES. 


IN comparing an engine of the two-stroke type with 
one of the four-stroke design, it is necessary to keep 
in mind the specific application for which the engines 
in question are built. Thus a comparison of stationary 
and marine engines of the two types on the basis of 
the specific fuel consumption may lead to the con- 
clusion that the two-stroke engine possesses the dis- 
advantage of greater fuel consumption. But for some 
very specific reasons this does not by any means hold 
true in the case of aviation Diesel engines. If engines 
of this kind are to be compared on the basis of respective 
specific output per unit of cylinder volume, a com- 
parison of the respective factors p:, 7m and n will have 
to be made. In this the value for the mean indicated 
pressure will depend upon the excess air ratio, upon 
the completeness of the combustion process, upon the 
compression ratio, and finally also upon a number of 
secondary factors. 

Perfect combustion in the two-stroke engine can 
be achieved with the same rate of excess air as in the 
four-stroke type. Supercharging can be also applied 
to the same extent in either engine type. Therefore, 
the mean indicated pressure based upon the effective 
cylinder volume or upon the effective stroke may be 


the same in either case, provided that all other cop. 
ditions remain equal. But the mean indicated pressure 
based on the total stroke of the two-stroke unit will be 
smaller than the mean indicated pressure of the four- 
stroke engine. In practice, cases are encountered jp 
which the mean indicated pressure of a two-stroke 
engine based upon the entire stroke of the piston js 
actually larger than that of an equivalent four-stroke 
engine. But such a comparison does not render a true 
picture if it is based upon engines which operate under 
different conditions and in particular with different 
combustion chambers and pressure chargers. If the 
ineffective stroke approximates to 25 per cent, it can 
be shown that the mean indicated pressure of the 
two-stroke Diesel engine, based upon the full piston 
stroke with all other conditions remaining equal, 
amounts to 75 per cent of the mean indicated pressure 
of the four-stroke engine. S 

From the point of view of the working process and 
of the injection apparatus, as well as of scavenging and 
charging of the cylinder, the problems relating to 
engine speed are identical in the two processes. In fact, 
whether or not an engine can be built for a required 
speed does not depend upon the choice of cycle, but is 
solely a question of design in general and of the type 
of combustion chamber chosen in particular. Thus 
a valveless two-stroke engine may be built for the 
same speed as a four-stroke cycle engine. With modem 
high-speed, two-stroke engines of the Junkers aviation 
type, speeds of up to 2800-3000 r.p.m. are achieved, 
which explains the small dimensions of these engines. 

The indicated power per litre of cylinder volume 
of two-stroke engines can be some 50 per cent higher 
than that of four-stroke engines. The power developed 
in four-stroke Diesel engines per litre of cylinder volume 
amounts to some 13-26 h.p., while for the two-stroke 
type about 20-50 h.p. and even more are recorded. 

Unit weight of the engine depends upon the external 
features of the engine and upon the dimensions of its 
salient details. In the main the features of an engine 
will depend upon the total cylinder volume required, 
and on such engine dimensions as are called for by the 
ignition pressure decided upon. In view of the smaller 
cylinder volume required for the two-stroke design at 
a given engine power, the unit weight of this engine 
type in most cases will be smaller than that of a corre- 
sponding four-stroke engine. Finally, much will also 
depend upon the engine arrangement chosen ;_ thus 
a four-stroke engine of the radial type with supercharger 
will be considerably smaller in weight than a two-stroke 
engine of the Junkers type. 

The specific fuel consumption of an engine will 
depend upon its indicated and its mechanical efficiency. 
A comparison of the specific fuel rates of four-stroke 
and two-stroke Diesel engines must be made, therefore, 
on the basis of respective indicated and mechanical 
efficiencies. In this respect the indicated efficiency of 
a Diesel engine depends upon the completeness and 
perfect timing of the combustion process, and also 
upon the thermal loss to the cylinder walls. Complete- 
ness and perfect timing of combustion in the case of 
a given combustion chamber design with identical 
excess air rates and engine speeds can be achieved 
with both engine types, provided the two-stroke design 
is laid out for straight-through scavenging, thus ensuring 
perfect evacuation of the cylinder, and full utilisation 
of the gas expansion. The absolute thermal 1oss, 
as such, to the cylinder walls must of course be greater 
in the case of the two-stroke Diesel engine, since 
combustion takes place twice as frequently in the 
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linder per unit of time as compared to a cylinder 
operating on the four-stroke cycle. However, the 
specific thermal loss based on the power developed in 
the case of the two-stroke engine will be somewhat 
smaller or equal to that recorded with the four-stroke 
cle. It can be shown, therefore, that the indicated 
efficiencies of the two engine types may be equal. 
For both engine types the mechanical engine 
efficiency is expressed by the equation 
Ne Ni —N:—Ne 


Nr + Ne 
n=—= = nN 
i i Ni Ni 
where Nr is the power absorbed by mechanical losses 
and Ne is the power consumed for supercharging. 

In stationary and in marine Diesel engines super- 
chargers or compressors are not employed, and Ne is 
therefore nil; but two-stroke cycle engines are nearly 
always equipped with these devices. Therefore, in 
spite of the fact that in the case of the two-stroke type 
N; is somewhat smaller—partly because of the absence 
of pumping losses—the power consumption Ne must 
make itself felt, with the result that the mechanical 
efficiency 7)m of the two-stroke engine is less than that 
of the four-stroke type. In the case of aviation Diesel 
engines both the two- and the four-stroke cycle types 
are supercharged; but for the sake of efficient 
scavenging of the cylinder and of effectual cooling 
of the hottest parts, four-stroke engines are designed 
for a greater overlap of the valves (up to 110-120 deg.). 
This leads to an escape of 10-15 per cent of the air 
into the exhaust pipe. It follows that the two-stroke 
aviation engine may have a smaller or an identical 
fuel rate as the supercharged four-stroke engine. 
Actually the Junkers aviation Diesel engine has a 
specific fuel rate of 150-155 g. at cruising load and 
of 160 g. at nominal rating. With regard to smoothness 
of running, the two-stroke engine must be considered 
superior, which is another factor in favour of the 
two-stroke design. Many authorities therefore con- 
sider that large aviation Diesel engines should be of 
the two-stroke type so as to make them competitive 
with other engines. 

The wearing qualities of piston and piston rings 
are problems of the greatest importance. In fact, 
they can be said to be of equal, or possibly of even 
greater, importance than the various combustion 
problems encountered. From tests it is known that 
even the piston rings of four-stroke engines without 
swirl effect lose their resiliency, or seize in their grooves, 
with substantially lower mean indicated pressures than 
happens in Otto engines. The latter show better piston 
ting wear in spite of a higher power output per unit 
cylinder volume. This fact cannot be explained by 
a higher thermal duty of the piston, particularly as 
Diesel engines operate at mean cycle temperatures 
well below the mean cycle temperature of the Otto 
engine. The author believes that the cause of this 
phenomenon must be looked for in the nature of the 
Diesel process—that is to say, in the high initial pressure 
and in the presence in the cylinder of free oxygen for 
a relatively greater crank angle of the crankshaft. Also 


in engines with highly turbulant air conditions in the 
cylinder the heat transfer to the piston must of course 
be greater than in Otto engines in which a swirl effect 
is of secondary importance. 

High initial pressure serves to increase the leakage 
of the gases past the piston and piston rings to the 
cylinder wall. It is therefore responsible for high 
piston and piston ring temperatures. Leakage also 
assists in producing an intimate mixing of the oxygen 
of the combustion air with the lubricating oil in the 
parts affected and helps to produce an impingement 
of the flame upon the exposed part of the piston. 
Because of the high compression ratio employed, 
oxidation of the lubricating oil by the free oxygen may 
already commence towards the end of the compression 
stroke. This characteristic is particular to the Diesel 
engine, and is not duplicated in Otto engines where 
the lower initial compression causes less leakage past 
the piston. Moreover, in the Otto engine the presence 
in the cylinder of a mixture approximating to the 
theoretical composition diminishes considerably the 
danger of direct reaction between the oxygen of the air 
and the lubricating oil. Thus, notwithstanding the 
fact that the mean temperature of the Otto cycle is 
higher than that of the Diesel cycle, the piston of the 
Diesel engine will operate under less favourable con- 
ditions than that of the Otto engine. From the aspect 
of service reliability, the fact that the mean cycle 
temperature in the two-stroke engine is some 150-200 
deg. C. higher than that of the four-stroke type, leads 
to less favourable operating conditions of the piston 
of the two-stroke engine. 

Reliability of charging and adaptation to altitude 
operation is more difficult to achieve with the two-stroke 
Diesel engine than with the four-stroke type. The 
employment of a turbo compressor is less effective in 
conjunction with the two-stroke type because of the 
lower temperature of the gases in the exhaust pipe. 
In high-speed two-stroke engines the fuel injection 
pump is subjected to difficult operating conditions 
if the camshaft rotates at the same speed as that of 
the engine, making its speed twice that employed in 
the case of the four-stroke Diesel engine. It is, of course, 
possible to use two pumps per cylinder for alternating 
operation, each pump running at half the speed. 
Incidentally, this principle has been adopted in the 
Deschamps engine. 

Operation of the Diesel engine at fractional speed 
calls for a greatly diminished quantity of fuel supply 
to the cylinder. In a two-stroke engine with the same 
number of cylinders and of the same power as a four- 
stroke engine, the amount of fuel to be injected must be, 
of course, much less. Inaccuracies in the fuel quantity 
delivered by the pump will, therefore, be of relatively 
greater importance in the case of the two-stroke Diesel 
engine. In the Junkers Jumo-205 and Jumo-207 
engines each cylinder is equipped with two pump 
elements operating in parallel. With decreasing fuel 
supply the plunger of one of the elements operates 
faster than the other, thereby decreasing the fuel supply 
within the low-speed range. 


CAST ALLOY ALUFONT-3. 


By Dr. Ing. R. IRMANN. (From Technische Rundschau, Vol. 36, 1944, No. 29, p. 1; No. 30, p. 2; No. 31, p. 3. 


OF the various brands of light alloys available for 
castings, the Al-Mg alloys Peraluman-3 and Peraluman-5 
possess excellent corrosion resistance to sea water, but 
only average mechanical strength. Higher strength and 
good corrosion resistance are combined in the Anti- 
corodal and Silumin alloys, their superior strength 
being accompanied by smaller elongation, i.e., smaller 
deformability. The gap between these two classes of 
alloys is filled by Alufont-3, which possesses the 
identical strength as Anticorodal and Silumin, but 


combines a far superior elongation with a somewhat 
lower yield point. The respective stress-elongation 
characteristics of the various alloys are charted in 
Fig. 1, where Peraluman-5 and Alufont-3 are seen to 
possess almost identical elongations, while the yield 
point of Peraluman-5 is only one-half that of Alufont-3. 
Also, the ultimate tensile strength of the latter material 
is almost twice that of Peraluman-5. 

Alufont-3 contains from 4.5-5.0 per cent copper 
as alloying constituent which serves to impart a high 
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mechanical strength. In order to achieve a fine distri- 
bution of the copper throughout the material in the 
casting process, titanium is added as further alloying 
constituent, hereby increasing the formation of nuclei 
to counteract segregation during the process of solidi- 
fication. Aluminium is capable of holding up to 
0.25 per cent Ti in solid solution, excess contents 
being precipitated in crystals of acicular shape and 
adversely affecting the mechanical strength of the 
material, in particular its elongation. The successful 
addition of titanium, however, depends upon a close 
adherence to proper casting conditions as well as upon 
careful control of the iron and silicon contents of the 
heat. The extent to which iron and silicon contents 
affect the mechanical strength of the alloy is evidenced 
by the graphs Figs. 2 and 3. Here it is seen that an 
iron content in excess of 0.4 per cent has a deleterious 
effect upon the strength characteristics, while in the 
case of silicon such an effect makes itself felt if more 
than 0.7 per cent silicon are present. Iron crucibles 
must not, therefore, be used when melting Alufont-3. 
In preparing the melt it is important to adhere 
closely to a minimum titanium percentage, and to 
maintain it when remelting the metal. While the 
disadvantages accruing from the use of excess Ti- 
percentage have been stated above, it may be added 
that unduly low Ti-percentage likewise acts to depress 
mechanical strength. Titanium loss in melting can 
be prevented by adding up to 0.3 per cent potassium 
titano fluoride. That unduly low titanium contents 
are even more harmful to mechanical strength than 
excess percentages is seen from Fig. 4, which refers 
to two heats, one containing 0.12 per cent Ti and the 
other 0.28 per cent. Pouring temperature was 730 
deg. C., the test bars, cast in sand, measuring 100 sq. mm. 
in section. Solution treatment was carried out at 
530 deg. C. for six hours, followed by holding at 
140 deg. C. for 14 hours. Heat A, containing 0.28 
per cent Ti—that is, an excess—showed primary Ti 
segregations, but even so yielded a test bar of greater 
strength than heat B, showing no segregations, but 
which is deficient in Ti percentage. 
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The relatively high copper content of the alloy 
may lead to segregation unless care is taken to ensure 
rapid solidification so as to suppress coarse segregations 
of CuAl,. Because of the slow solidification obtaining 
in sand moulds, this method of casting is at a disadvan- 
tage as compared to casting in metal moulds. Rapid 
filling of the mould via the shortest route when pouring 








lore Sen Qasr OF Ol 








ae 








| 


Le. 








e alloy 
ensure 
gations 
taining 
advan- 

Rapid 
youring 











THE ENGINEERS’ DIGEST 105 


wo 
ry 


the metal is there- 
fore essential, so as 
to be able to pour 
at low metal tem- 
perature. Solidifi- 
cation speed may 
be further increased 
by the liberal pro- 
vision of chills. In 
this way strength 
values may be 
obtained which 
closely approach to 
those achieved 
with the use of 12 
metal moulds. By 

water quenching 
after heating for 


ld 
oe 


: 


602 6B kg/mm* 
= 








four hours at 528- & 
535 deg. C. and 
subsequent age- io 5 
hardening at 140 
deg. C. for 14 hours, pet 
the strength values 0 
given below may be 13579H 35 7 
— Fig. 4 Sample No. 
| Elonga- | N. Bar 
0.2¥.P.| U.T.S.| tion | Brinell | Impact 








Oo2 Al Ge. 


kg./mm. |kg./mm 





8 |, He | ak 
per cent |kg./mm.? kgm.cm.* 


2 





Casting in sand | | 
mould, in as-cast | | 


Ioondition ..| 7-10 | 15-18 | 37 | 4560; — 


Casting in sand | 
mould, in age- | | | 
hardened con- | | | 

dition .. -. | 18=22 26-32 | 4-8 80-90 
Casting in metal | 
mould, in as-cast | | 
condition ns | 7-10 19-22 | 6-10 
Casting in metal 

mould, in age- | 
hardened con- | | | 

dition .. .. | 19-22: 33-40! 810 | 85-95 


45-60 


| 0.8 
























































Fig. 5 Solution treatment, hrs. 
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Because of the 
heterogenity of 
structure caused by 
the _ solidification 
process in casting, 
solution treatment 
of castings cannot 
be carried out at 
the high tempera- 
tures permissible 
with wroughtalloys. 
Referring to Fig. 5, 
it is seen that up to 
about 550 deg. C. 
hardness, yield 
point, ultimate ten- 
sile strength and 
elongation show a 
rising tendency with 
the temperature of 
the solution treat- 

| | ment. However, as 
btitipt. ++ the eutectic of 





| Al-CuAl, begins to 

‘ss S§7 970 &G melt at the afore- 
mentioned tempe- 

Sample No. rature, practical 


considerations do not admit of higher tem- 
peratures than 530+5 deg. C. Any further improve- 
ment in mechanical properties must be obtained 
by long time homogenising in the furnace. The con- 
siderable improvements that can be obtained in this 
way are indicated in Fig. 6, pertinent numerical data 
being given below :— 


Heating time, hours .. Pe 4 20-24 
0.2 yield point, Go2, kg./mm.? 18-22 20-24 
U.T. strength Ge, kg./mm.? .. 26-32 30-33 
Elongation §, per cent es 4-8 6-8 

Brinell He, kg./mm.?.. ae 80-90 85-95 


The influence of the casting temperature upon the 
final strength-values of Alufont-3 cast in sand moulds 
is shown in Fig. 7. In order to preclude the danger 
of gas absorption in melting, it is recommended that 
temperatures of 750-780 deg. C. should not be exceeded. 
If a high degree of mechanical strength is to be obtained 
with a short solution treatment, of e.g. no more than 
four hours, the age-hardening temperature should be 
increased from 140 to 160 deg. C. But referring to 
Fig. 8, it will be seen that the higher yield point achieved 
by this measure must be purchased at the cost of a 
decrease in elongation. 





602,68 , Ha kg /mm* 


Fig. 6 Solution treatment, hrs. 
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Fig. 7. Pouring temperature 
The influence of a rapid rate of solidification upon 0 10 15 20 30 
the strength values is well exemplified by the metal- Fig. 8. Age hardening hrs. 


mould process, in which the rapid solidification results 
in a very fine distribution of CuAl, as well as in a 
greater solubility of the titanium contents owing to 
undercooling. Fractures of such pieces have, therefore, 
the velvety appearance of fractured steel, while in 
sand-cast pieces produced under identical conditions 
titanium crystals are visible in the fractured surface. 
The strength values of castings enumerated above 
were obtained on specially-cast test bars of 100 sq. mm. 
cross-sectional area. The test bar dimensions are given 
in Fig. 9. Four of these bars are cast in sand jointly 
in one mould, while a metal mould has been used for 
the joint casting of two test bars, the mould 
being slightly tipped during the pouring process. 
The separately-cast test bars offer a measure for 
the quality of the metal used for making the castings 
proper, the respective test bars and castings being , 
hardened jointly. A still better method for ascertaining £ 30 
the quality of a casting consists in providing the latter a YY 
3 : : g —Y 
with coupons which are cut off the piece and then 2 6a FY YUU, Yj YY 
ne 












































tested to destruction. 

The relationship between wall thickness and strength 
properties was investigated by cutting up the sand 2 
casting of a wheel hub. The results obtained are ~ 
charted in Fig. 10, which indicates a surprisingly small > 

re) 

















Zl) 






influence of the wall thickness up to 30 mm. upon the 20+ apr pe bt 
strength values. It should be noted that where the YY, lid 





wall thickness exceeded 10 mm., recourse was had to 

chill plates, as is common practice. The piece in 
question was subjected to a solution treatment of 45 
four hours. If no use is made of chill plates at points 

of considerable wall thickness, a longer solution treat- 

ment will be indicated. 


























The good agreement existing between the strength 10 
values ee — and casting proper is illustrated by 
the following data :— se Vp 
3 bobs Y 
U.T.S. kg./mm.? (wall thickness 11 mm.). al Lip Ml ye 





Of casting Ofcoupon 























30 samples. 10 samples. i) ; 
Minimum .. es 24.6 22.8 0 | ‘ 
Maximum .. oe 30.4 31.0 ‘ 56 89% 7 22 30 





Mean a ae 26.2 27.4 Fig. 10 Wall thickness 
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Z1i—Z4= tensile test specimens 
Ki — Ky, = impact test specimens 


Fig. 11 


Interesting results were obtained 


on a sand casting 


which had an abnormally large cross-section and had, 
therefore, to be cast with chill plates of 50 mm. 


thickness. 
diameter having the section shown 
also shows the way in which the t 
from the piece. 


This casting was a ring of 1400 mm. 


in Fig. 11, which 
est bars were cut 


After four hours’ solution treatment, 


the following test values were obtained :— 


Average of Eight Test 
Yield point 
U.T.S. ae 
Elongation .. 


Hardness at 
Impact notch strength 


Bars. 

22.7 kg./mm.? 

29.1 kg./mm.? 
4.0 per cent 

87 Brinell 
0.7 kg./cm.? 


These values correspond to such as obtained with 


sand castings. 


Maximum values obtain at the points 


where the chills are applied, while at the part without 
chills—that is, where the risers connect—somewhat 


lower strength values prevail. 


This 
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without any influence upon the endurance strength, as will 
be seen from Fig. 12. In the case of the chill-cast material, 
notching is seen to lower its endurance strength to that 
of the sand-cast material. It is also seen that the 
endurance strength of the notched Alufont-3 lies not 
much below that registered with notched Avional D, 
the latter being the wrought variety. In view of the 
endurance strength of notched Alufont-3, the applica- 
bility of this material should equal that of an Avional 
wrought alloy. The position is, therefore, comparable 
to that of forged steel versus cast steel as material for 
crankshafts, cast steel with its inherently lower sensi- 
tivity to notch effects now replacing the more notch- 
sensitive forged high-alloy steel. 


It may be argued that the data given above refer 
solely to test bars and not to actual castings. In the 
case of a cast component much will, however, depend 
upon its shape and contour. This fact is exemplified 
by Fig. 13, where it is seen that much can be accom- 
plished by choosing appropriate fillet radii and methods 
of casting. Here it is seen that the provision of a fillet 
at the foot of the casting results in an increase in the 
endurance strength (under bending stress) from 
2.5 to 4.8 kg. per sq. mm., while it can be further 
raised to a value of 6.0 to 6.8 kg. per sq. mm. by 
providing a riser at the critical point in order to 
diminish the tendency towards the formation of micro- 
porosities. Thus by improving both design and casting 
technique the endurance strength of the piece considered 
is raised to about 75 per cent of that of the sand-cast 
test bar, which is given as 8.5 kg. per sq. mm. 


Because of the fine crystalline structure of Alufont-3, 
particularly pronounced in chill-cast pieces, this material 
is free from the variations in strength of transverse and 
longitudinal test pieces taken from wrought material. 
This fact is illustrated by the juxtaposition of pertinent 
data obtained with Avional and chill-cast Alufont-3, 
to wit :— 














Avional (forged) 
Alufont-3 
Longitudinal | Transverse chill-cast 
6o2, kg./mm.? 4 25 22 20 
Ge, kg./mm.? sen 38 30 33 
6 per cent aa 10 3 10 











example may be taken to show that 
even in extremely large sections cast 
with Alufont-3, high strengthvalues can 
be obtained by the employment of 
chills. Close adherence to proper 
casting conditions and hardening pro- 
cess will, of course, be a self-evident 
pre-requisite to success. 

The fatigue strength of Alufont-3 
was determined by the cyclic bending 
test applied to ground and polished test 
bars. On the basis of 100 million . 
load cycles the endurance limit was 
found as 8.5 kg. per sq. mm. for test 
bars cast in sand mould and as 11.0 kg. 
per sq. mm. for test bars produced in 
metal moulds. This compares with a 
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value of 13.5 kg. per sq. mm. for 


ground and polished test bars 


of 


Seri at a 











Avional D. For a notched bar of 5 
the latter material, Fig. 12 gives an 














endurance limit of only 9.5 kg. per 
8q¢.mm. More favourable conditions 
obtain with Alufont-3, which as a cast 
Material is less subject to deleterious 
notch effects. In the case of sand 
castings of Alufont-3, notching remains 
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wee eee curves referring to Avional D 
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This goes to show that on 
occasion the forged material may 
be replaced by high-grade chill- 
cast material—a possibility of which 
much more use ought to be made 
than has been done in the past. 
There also exists the possibility of 
subjecting chill-cast pieces to a 
finishing operation by forging, 
hereby further improving the 
strength of the material. 


Cyclic stress 


.~ 





Fig. 13. 
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EJECTOR TEST 


STATION. 


By J. L. Mansa. (From Ingenioren, No. 65, Sept. 30th, 1944, pp. 82-87.) 


THE equipment in the machine laboratory of the Danish 
Technical State College in Copenhagen includes special 
equipment for carrying out experimental research into 
the design and operation of ejectors. 

A partial view of the equipment installed is given in 
Fig. 1. This illustration shows parts such as the 
ejector proper, the condenser, the condensate weighing 
balance and overflow. A section of the ejector is given 
in Fig. 2. For the purpose of access to the interior, 
the main body of the ejector is provided with a top 
opening which is normally closed by a blind. flange. 
To the left-hand side of the ejector body is bolted the 
nozzle holder, while the diffuser is bolted to the 
right-hand side. The suction chamber p forms the 
bottom of the ejector body. 

The working medium—usually steam—is admitted 
at the flanged connection a, then passes through the 
strainer b and the fitting d, and subsequently into the 
nozzle e. Fitting d contains the thermometer well, 
the bottom of which is 
located near the nozzle. 

A manometer permits the 
precise measurement of the 
conditions of the working 
fluid at the nozzle inlet. 
The steam to be entrained 
by the working fluid is 
admitted through the con- 
nection j at the bottom of 
the suction chamber, while 
suction air can be admitted 
through connection k and 
suction water through con- 
nection m. The mixture 
of these three media passes 
through the central aper- 
ture of the diaphragm g. 
The temperature of the 
mixture is measured with 
a thermometer inserted in 
the thermometer well n, 
the external surface of 
which is provided with gills. 
The pressure of the water- 
steam-air mixture is ob- 
served by means of a 
mercury gauge connected 
to the opening o. The 


diffuser is flanged to a branched outlet pipe, the 
straight branch of which is connected to the condenser. 
Nearly all the steam is condensed in the condenser, 
a small residual amount of steam as well as the air 
being carried into a large condenser which is equipped 
with a vacuum pump for removal of the air, and which 
forms part of the general equipment of the laboratory. 

The steam employed as working fluid of the ejector 
is normally superheated. The amount of vapour 
admitted to the suction chamber is measured by means 
of the measuring chamber shown in detail in Fig. 3. 
This chamber is of a special design, chosen in con- 
sideration of the small quantity of steam to be measured 
(2 to 10 kg. per hour). As this small amount of steam 
must enter the measuring orifice in a superheated 
condition, the flow of steam entering the measuring 
chamber must be large enough to heat the measuring 
chamber sufficiently—and this regardless of how little 
an amount of steam may be passed through the 





View of ejector test plant. 








THE ENGINEERS” DIGEST 








Fig. 2. Section through ejector. 














Fig. 3. Measuring chamber. 


measuring orifice. For this purpose the quantity of 
superheated steam admitted at a and b must be adjusted 
so that the thermometers in the wells d-d, indicate 
identical temperatures. From the measuring chamber 
the steam passes through the orifice c in a quantity 
depending upon the steam condition prevailing in the 
measuring chamber. The pressure obtaining in the 
latter is measured by a gauge connected to the opening f, 
while the steam temperature is determined as the mean 
of the temperatures measured in the two thermometer 
wells d~-d. The amount of air supplied to the suction 
chamber is measured in a chamber which is similar 
to the steam measuring chamber. 

_ The general plant circuit is shown diagrammatically 
in Fig. 4. Here the steam supplied from the boiler 
house of the laboratory is passed through a reducing 
valve into a gas-fired superheater, from which the 
working steam is passed to the ejector nozzle through 
the valve 37, while the suction vapour is supplied to 
the suction chamber via a branch containing the valve 38. 
The amount of air admitted to the suction chamber is 
controlled by means of valve 39, the air temperature 
being measured by thermometer 22, arranged at the 
upstream side of the air measuring chamber 22. 

The cooling water circuit is shown in Fig. 5. 
A centrifugal pump serves to re-circulate cooling water, 
the flow rate of which is measured by means of the 
orifice 1. The water temperatures at inlet and outlet 
of the condenser are indicated by the thermometers 
15 and 16 respectively. The rate of re-circulation is 
controlled by the throttle valve 33. In accordance 
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Fig. 4. Plant circuit 
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Fig. 5. Cooling water circuit. 


with the water temperature required in the condenser, 
water is discharged from the circuit, its temperature 
being measured by thermometer 17. The rejected 
water is passed through a cooler, from which it is 
discharged into the overflow 18, where the quantity 
of discharge is measured. 
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PRECISION TYPE QUADRUPLE-BEAM HIGH VOLTAGE 
OSCILLOGRAPH. 


By G. InpuMI. (From Brown Boveri Review, Vol. 30, No. 9-10, September—October, 1943, p. 222). 


THE new high-voltage laboratory of the Brown, 
Boveri & Co. Ltd., Baden, Switzerland, is equipped 
with a cold cathode oscillograph of the Dufour type, 
built by Triib, Tauber & Co., Zurich, which, from 
the aspects of design and properties, appears to be 
unique. This instrument (Fig. 1) is of the so-called 
multi-beam type emitting four separate beams from 
a single cathode. The chief reason for deciding on 
this type was the ease with which it lends itself to a 
complete screening of the entire discharge tube and 
of the voltage supply lead. Moreover, the clean-cut 
straight-line beam arrangement of the instrument also 
has a marked influence upon its precision. Its design, 


¥ 

S 
bs 
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Fig. 1. 


outlined in Fig. 2, incorporates the following novel 
features : 

The body of the oscillograph is of cast iron which 
has proved to be highly vacuum-tight and, moreover, 
acts as an excellent screen against extraneous fields. 
A further advantage of cast iron is that its remanence 
is lower than that of the steel employed hitherto which 
frequently became permanently magnetised in the 
vicinity of impulse discharges. The four beam-trap 
assemblies, which are of completely new designs, can 
each be mechanically adjusted from the exterior to 
enable the intensity of the beams to be regulated. 
A common focussing coil permits all four beams to 
be focussed simultaneously without rotation. 

There are two high-voltage deflection plates in 
addition to the usual low-voltage plates. Maintenance 
of the vacuum inside the oscillograph is achieved by 
using throughout a rubber packing of round section. 
The degree of vacuum tightness attained is so high 
that notwithstanding a cubical content of the instru- 
ment of some 60 litres, a single molecular pump is 
sufficient to ensure reliable operation. Water cooling, 


which is essential with diffusion pumps, could therefore 
be dispensed with. The high degree of precision 
achieved with this oscillograph is exemplified by the 
oscillograms reproduced in Fig. 3. 

Referring to Fig. 1, it will be seen that a detachable 
undercarriage with standard automobile tyres permits 
the apparatus to be readily movable. 

The oscillograph is provided with a high-voltage 
rectifier plant of 50 kV, which, together with its special 
rectifier valves, is immersed in a mobile oil tank. The 
high voltage is supplied to the multi-beam cathode 
through a screened lead, as shown in Fig. 1. An 
additional rectifier supplies two voltages of any desired 
polarity, which can be independently adjusted to shift 
the four zero lines. 
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